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DESCRIPTION OF THE CERRO GRANDE FIRE ORTHOPHOTOGRAPHY DATA SET

by
J. William Carey and Greg Cole

ABSTRACT

Electronic orthophotos were taken of the Pajarito plateau region following
the Cerro Grande Fire. A preliminary quality assurance analysis of the
orthophotos has been conducted that provides details of the accuracy
and quality of the imagery. The images are now available to authorized
personnel through Facility for Information Management, Analysis, and
Display (FIMAD). This document provides metadata for the orthophoto
data set.

Introduction

Background. Following the Cerro Grande Fire, LANL (the Environmental Restoration
Project and ESH Division) contracted with Merrick & Co. to provide an aerial
photography and orthophoto survey of the Pajarito Plateau region. The survey was
conducted to assist with analyses of fire severity, fire remediation, and flooding hazards.
Details of the aerial photography mission are as follows.

Flight Dates: June 13 and 14, 2000

Flight Region: approximately 320 square miles

Flight Altitude: approximately 12,000 ft. above mean terrain

Aerial photography at a photo negative scale of 1-inch = 2000 ft.
Photography conducted in a region bounded by Cochiti Reservoir (south), by
Santa Clara Canyon (north), by Valles Caldera Divide (west), and by the Rio
Grande (east)

Project Funding. The orthophotography contract and subsequent data stewardship
activities have been supported by

The Environmental Restoration Project—coordinated by Diana Hollis
The Environment, Health, and Safety Division—coordinated by Steve Rae

Orthophotography. The aerial photography was orthorectified by Merrick & Co. (i.e., the
images were orthographically projected in a distortion-free manner onto topography)
using a LIDAR-derived digital elevation model. The resulting orthophotos are a digital
product with the following characteristics (see Figure 1 for a map of the tiling scheme).

Orthophoto: 2 ft. pixel (1-inch = 400 ft. at 200 dpi)

Orthophoto tiling scheme: The ortho images are available on 477 tiles, 6,000 ft.
(east-west) by 4,000 ft. (north-south) which is 3,000 by 2,000 pixels
Orthophoto naming scheme:

Example name: op724588_002b.tif



op: orthophoto
724588: lower-left corner of image is located at
1,724,000 ft. northing and 1,588,000 ft. easting
002: 2 ft. pixel
b: Cerro Grande Fire (2000) data set
Orthophoto cell centering:
Example tile: op724588_002b.tif
The outside corner of the lower-left cell is located at 1,724,000 ft.
(northing), 1,588,000 ft. (easting) (i.e., the center of the lower-left cell is
located at 1,724,001 ft., 1,588,001 ft.)
Orthophoto Format: tiff world format
Orthophoto Projection: New Mexico State Plane feet using the NAD-83
horizontal datum and the NGVD-29 vertical datum

LANL Data Steward Activities. The data stewards at LANL for the orthophoto are Bill
Carey, Greg Cole, Bob Beers, and Steve Lloyd. The primary roles of the data stewards
are as follows (see the following pages for a report of these activities).

Develop the contract for aerial photography and orthophoto services

Ensure that contract was completed satisfactorily

Inventory and archive data

Conduct QA analyses of image quality

Conduct QA analyses of image positional accuracy

Provide copy for electronic distribution

Ensure metadata for the orthophotos are in compliance with established FGDC
standards

Create LA-series report documenting the data set

Quality Assurance Report

This report details the primary responsibilities and current status of quality assurance
(QA) activities conducted by the data stewards for the aerial photography and
orthophoto project.

Development of Contract Specifications

Completed in June 2000. See Appendix 1 for a copy of the contract. The primary
contract specifications were as follows.

Create a network of ground-based reference points to be used in the
aerotriangulation of the aerial photography

Take aerial photographs using natural color film at a negative scale of 1-inch =
2000 ft. from a flying altitude of approximately 12,000 ft. above mean terrain
Aerial photographs shall meet all precision requirements for aerotriangulation
and GIS database compilation conforming to the USGS Map Accuracy
Standards.

Perform Fully Analytical Aerotriangulation (FAAT) to merge ground control and
aerial photography

Scan the aerial photography negatives to create digital representation of images
Orthorectify the images to a 2 ft. pixel resolution



Color balance the images to produce a “seamless” image database across the
entire project

Provide orthophotos to a specified tiling scheme.

Provide a color mosaic of entire region

Contract Completion

All contractual obligations for aerial photography and orthophotos have been completed.
The aerial photography mission was accomplished with the following conditions:

Flight Dates: June 13 and 14, 2000

Flight Region: approximately 320 square miles

Flight Altitude: approximately 12,000 ft. above mean terrain

Aerial photography at a photo negative scale of 1-inch = 2,000 ft.
Photography conducted in a region bounded by Cochiti Reservoir (south), by
Santa Clara Canyon (north), by Valles Caldera Divide (west), and by the Rio
Grande (east)

Inventory and Archive of Data

1. The aerial photography prints were delivered as sets of photos taken along 12 flight
lines. The flight lines were oriented N-S and were arranged from W-E.

Flight Line  Number of Photos  Notes

16 photo #16 skipped, photo 17 present
28
26
26
26
27
30
20
21
10 18
11 19
12 21
Total 278
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2. Orthophotos were generated from the aerial photography using digital elevation data
obtained from the 2000 LIDAR survey of the same region. The elevation data were
obtained as a sub-sampled set of raw data from the LIDAR survey (i.e., the elevation
data were not obtained from the LIDAR digital elevation model). The orthophotos have
the following characteristics:

Resolution: 2 ft. pixel (1-inch = 400" at 200 dpi)

Tiling scheme: The orthophotos are available on 477 tiles, 6,000 ft. (easting) by
4,000 ft. (northing) which is 3,000 by 2,000 pixels

Orthophoto naming scheme:

Example name: op724588_002b.tif



op: orthophoto
724588: lower-left corner of image is located at
1,724,000 ft. northing and 1,588,000 ft. easting
002: 2 ft. pixel
b: year 2000 data set
Orthophoto coverage (see Figure 1)
Orthophoto cell centering:
Example tile: op724588_002b.tif
The outside corner of the lower-left cell is located at 1,724,000 ft.
(northing), 1,588,000 ft. (easting) (i.e., the center of the lower-left cell is
located at 1,724,001 ft., 1,588,001 ft.)
Orthophoto Format: tiff world format
Orthophoto Projection: New Mexico State Plane feet using the NAD-83
horizontal datum and the NGVD-29 vertical datum

Two sets of orthophotos were delivered on CD-ROMs, each consisting of 477 tiles. The
two sets differ in the color balance (see discussion below). The tiles were inventoried
and their location is graphically represented in Figure 1. The outside curvilinear
boundary of the figure shows the area specified by the contract. The orthophotos were
copied to computer disk to provide a readily available copy of the data.

3. Because of issues with respect to color and contrast in the orthophotos (see below),
the contractor was asked to provide the orthorectified data for the individual photographs
prior to color-balancing and tiling of the data. This third data set provides the basis for
image analysis activities should they be desired. There are 137 orthorectified non-color-
balanced images (about %2 of the total number of photos) and each image captures
approximately the central 50% of the photo.

OA Analyses of Image Quality

The quality of the aerial photographs varied along flight lines and between flight lines.

Some photos appeared to have low contrast (i.e., making it difficult to identify
low-burn intensity areas on some photos)—For example, photo 5-17

Sun spots (due to refraction of the sun on the aircraft) created bright spots
(usually in the NW region of the photos) and darkened, lower contrast areas
(usually in the SE region of the photos)—For example, photo 4-19

Color balance varied in the photos (some photos appeared to be over-saturated
in green-yellow tones)—For example, compare photos 7-26 and 8-15

Perhaps for these reasons, the color-balanced orthophotos derived from the aerial
photographs have a green-yellow hue and have relatively low contrast. Extensive
investigation of the color balance in the orthophotos (i.e., by analysis of RGB
histograms) indicates that the images are deficient in blue and that the contrast (as
indicated by the histogram range) is somewhat low.

These features of the orthophotos are a consequence, in part, of the contract-
specification that the mosaic of the orthophotos should be seamless and color-balanced.
In order to address these issues, a second set of orthophotos was developed with



enhanced blue intensity and a third set of non-color-balanced, non-tiled ortho-rectified
images was obtained.

It should be noted that the contrast and color-balance of individual tiles could be easily
enhanced with standard software. In the future, a modified orthophoto set may be
developed by application of the same contrast-enhancement to the entire data set or by
a global reanalysis of the non-color-balanced images to produce an alternative seamless
mosaic.

QA Analyses of Positional Accuracy

The contract specification for positional accuracy stated that the orthophotos must meet
national map standards. These standards are 1/50-inch at map scale. The images were
produced at 1-inch = 400 ft. scale, which requires that 90% of the image has better than
8 ft. accuracy.

The positional accuracy of the orthophotos was characterized by the Fully Analytical
Aerotriangulation (FAAT) report provided by the contractor (Appendix Il). The FAAT
report contains a statistical summary of the positional accuracy of the controls used to fix
the positions of the aerial photographs. A total of 47 ground-surveyed control points was
used in the FAAT. Of these, 33 provided elevation control and 14 provided horizontal
and elevation control. The positional accuracy of these controls is shown in Table 1.

Table 1. Positional accuracy of ground-control points and aerial photo centers used in
the generation of the orthophotos expressed as root-mean-square error in feet
(Appendix 11).

X-coordinate Y-coordinate Z-coordinate
Survey-control 0.9891 0.7910 0.3697
Aerial photo centers | 1.120 1.162 0.823

As a supplementary QA of positional accuracy, the positions of objects in the
orthophotos were compared to positions determined from the 1992 orthophoto data set
(Cole 1993). The older data set was collected at 1-inch = 100 ft. scale and had an
accuracy of 90% of the data better than 1.6 ft., as characterized by Cole (1993). The
positions were compared by picking identical locations off each orthophoto (e.g., the
corner of a building) and calculating the difference in feet. In addition to the inherent
errors in each data set, there were additional errors introduced through imprecision in
identifying the precise position of features in the orthophotos. These errors were on the
order of 1 ft. (1 pixel) in the 1992 survey and 2 ft. (1 pixel) in the orthophotos under
consideration. The results of this comparison are given in Table 2 (see end of paper).
In addition, 4 objects from the 1993 Geonex survey were identified on the 2000
orthophotos, and distances between the GPS-surveyed Geonex data and the 2000
orthophotos were determined.

In sum, there were 90 measurements of positional accuracy (see Figure 2 for the
location of these measurements). The cumulative frequency of these data is illustrated
in Figure 3. The average and standard deviation of the differences are 4.54 and

2.07 feet. Figure 3 shows that 92% of the measured data are better than 8 ft. and a
statistical model based on the measured standard deviation—assuming a Gaussian
distribution of errors—predicts that 90% of the data are better than 7.2 feet. A 95%




confidence level maximum value of the standard deviation (determined by chi square
statistics) is 2.31. Using this standard deviation, 90% of the data are better than 7.5
feet.

It should be noted that we were unable to make QA comparisons in the most northern
and southern parts of the survey (Figure 2). Such measurements could be made in the
future by using a GPS unit to locate orthophoto identifiable objects.

Electronic Distribution of Data

The orthophotos are available through the EES Division GIS Laboratory, FIMAD, or by
contacting the authors.

Create Documentation of the Data Set

This report may be cited in documents using the orthophoto or aerial photography
results.



Reference

Cole (1993): “Quality Report—ER aerial survey and resultant orthophoto and digital
contour data” A memorandum from Greg Cole (EES-1) to Record Processing Facility for
the ER Project dated September 30, 1993.
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Figure 1. A map showing the geographic distribution of the orthophoto tiles. The Los
Alamos National Laboratory boundary is shown in the center of the figure. The curve
near the outside of the figure defines the study area as specified in the orthophoto
contract (Appendix 1).
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Figure 2. The orthophoto tiles marked with “X” were examined for positional accuracy in
the quality assurance study (see results in Table 1).
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80.00% Mean 4.54
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Figure 3. Cumulative probability plot showing the absolute value of the misfit between measurements made on the 1992 ortho-
photo survey and the 2000 orthos survey. The measured probability distribution satisfies the data quality specification.
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Table 2. Measured distances between objects in 1992 ortho survey and objects in the 2000 ortho survey (86 measurements) and
measured distances between objects in Geonex survey (1993) and the 2000 ortho survey (4 “Geonex” measurements).

1992 Survey

x1 (feet)

1616521.9
1612950.9
1613783.4
1624476.0

1626717.6
1635058.6

1638709.0
1639976.3
1646210.8
1647969.3

1642080.4
1644666.2
1639825.4
1641736.5
1636061.8
1634639.2

1635685.2
1631984.0

1635450.4

y1 (feet)

1763813.5
1760465.4
1761664.7
1759393.1

1758577.2
1749880.9

1740278.7
1742602.6
1736363.2
1750343.7

1757303.8
1757652.9
1759293.7
1758637.7
1760982.0
1760521.3

1762902.3
1757347.3

1759560.6

2000 Survey

x2 (feet)

1616525.0
1612955.1
1613786.9
1624476.6

1626714.4
1635056.7

1638708.0
1639982.9
1646213.6
1647966.4

1642085.4
1644666.2
1639831.7
1641737.0
1636064.6
1634638.4

1635682.2
1631981.0

1635448.0

y2 (feet)

1763808.9
1760464.0
1761665.1
1759385.0

1758573.3
1749876.9

1740286.7
1742597.2
1736360.3
1750345.2

1757303.7
1757648.0
1759286.2
1758633.1
1760975.7
1760515.9

1762897.3
1757345.3

1759555.1

del X

-3.099

-4.206

-3.446

-0.640

3.178
1.825

0.969
-6.645

-2.817
2.897

-5.027
-0.039
-6.257
-0.506

-2.804
0.827

2.990
3.029

2.406

del Y

4.530

1.461

-0.368

8.070

3.849
3.913

-8.027
5.391
2.921

-1.553

0.168
4.921
7.529
4.593
6.312
5.436

4.996
2.002

5471

dist

5.489

4.453

3.466

8.095

4.991
4.318

8.085
8.557
4.058
3.287

5.030
4.921
9.790
4.621
6.907
5.499

5.822
3.631

5.977

Description

TA-16 Air Heater, 16-402, inside (SE) corner of V-shaped structure
south of building

TA-16 Storage Building, 16-414, white building inside SW facing
corner

TA-16 Storage Building, 16-414,SW corner of small bldg adjacent to
long white bldg

Building north of TA-15 DARHT Facility, SE corner of east-side
building addition

Trailer(?) north of TA-15 Power Control Building, building 15-185
NE corner of trailer at end of road NW of TA-39 Equipment Shelter,
bldg 39-64

SE corner of TA-33 Machine Shop, bldg HP-39

SW corner of TA-39 Branch Shops Building, bldg 39-98

SE corner of TA-33 Bunker, bldg HP-151

S corner of house near intersection of Rd to Bandelier and Monte
Rey Drive South

SE corner of TA-36 Backflow Preventer, bldg 36-136

Utility pole at SW end of TA-54 Tension Support Building, bldg 54-48
SE corner of TA-54 Canopy and Pad, bldg 54-32

SE corner of TA-54 Metal Shed, bldg 54-25

SE corner of TA-18 Guard Station #450, bldg PL-190

SE corner of fence around TA-18 Critical Assembly Building, bldg
PL-32

SW corner of fence around TA-54 Tru-Waste NDA/NDE, bldg 53-38
SE corner of trailer(?) SE of TA-36 Meenie Preparation Building,
bldg KAPPA-05

Fence-drive intersection at SE fence-line of TA-36 Security Precinct
Facility, bldg KAPPA-69
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1992 Survey

x1 (feet)

1626092.3
1627066.6

1622637.1
1618424.3
1623240.1
1614914.6
1616774.7
1614162.7

1619967.8

1620359.4
1627453.5

1630275.8
1631160.6

1617307.5
1616834.4
1609696.8
1609449.3
1624013.6
1632769.4
1615613.7
1610172.4
1611160.7

1643917.4

y1l (feet)

1763162.4
1761870.7

1761207.6
1760370.3
1762833.8
1768680.0
1768143.8
1770275.1

1767213.9

1764053.8
1767325.9

1765909.4
1767950.3

1772525.6
1773735.7
1762845.0
1760791.4
1755155.6
1744704.4
1759546.8
1767387.1
1764882.5

1743503.5

2000 Survey

x2 (feet)

1626090.3
1627066.4

1622634.1
1618422.7
1623235.8
1614918.5
1616773.2
1614163.0

1619966.5

1620354.0
1627450.8

1630274.0
1631160.4

1617307.7
1616834.3
1609700.1
1609449.8
1624014.1
1632765.0
1615618.9
1610173.3
1611164.0

1643914.7

y2 (feet)

1763159.6
1761857.5

1761204.2
1760368.8
1762830.8
1768682.1
1768142.8
1770273.0

1767207.3

1764053.6
1767322.2

1765906.0
1767944.8

1772526.4
1773737.4
1762844.8
1760793.3
1755152.2
1744699.4
1759545.3
1767389.4
1764879.4

1743498.3

del X

2.035
0.250

2.928
1.582
4.244
-3.892
1.445
-0.281

1.326

5.358
2.683

1.817

0.210

-0.217

0.048
-3.375
-0.507
-0.511

4.358
-5.144
-0.899
-3.237

2.645

del Y

2.770
13.225

3.358
1511
3.056
-2.052
0.985
2.144

6.617

0.183
3.690

3.428

5.536

-0.823
-1.651
0.257
-1.865
3.331
4.926
1.485
-2.266
3.118

5.162

dist

3.437
13.227

4.455
2.188
5.230
4.400
1.749
2.162

6.749

5.361
4.562

3.880

5.540

0.851
1.652
3.385
1.933
3.370
6.577
5.354
2.438
4.494

5.800

Description

SW corner of TA-15 Laboratory Building, bldg R-263

SE corner of unnamed building SE of TA-15 Mineral Oil Tank, bldg
15-325, on the east side of road

SW corner of TA-15 Portable Shed, bldg 15-376

Crack junction around "pond" feature at TA-11 Drop Tower, 11-25
SW corner of A-15 Laboratory Storage Building, R-23

SW corner of TA-22 Storage Building, bldg TD-68

Fence bend west of TA-40 Magazine, bldg DF-40

NE end of painted white triangle on road south of TA-06 Booster
Station # 2, bldg 06-63

SE corner of fence (lot?) south of TA-40 Preparation and Utility
Building, bldg DF-11

SW corner of TA-14 Storage Building, bldg Q-06

Western end of painted traffic triangle east of TA-66 Atac Office
Building, bldg 66-01

Western inside corner of sidewalk junction along parking lot east of
TA-46 Technical Support Facility, bldg 46-326

NW fence corner surrounding TA-05 Switchgear Vault and other
buildings, bldg 05-23

SW corner of TA-03 Geochemistry Analytical Facility, bldg SM-494
S corner of TA-03 Warehouse, bldg SM-142

NE corner of A-16 Transportable Office Building, bldg 16-246

SE corner of TA-16 Tritium Processing Facility, bldg 16-205

SE corner of TA-49 Explosives Magazine, bldg FM-114

SW corner of gate building at entrance to Bandelier National Park
SW corner of TA-16 HE Inspection Building, bldg 16-380

SW corner of TA-08 Isotope Building, bldg AW-24

Inside SE corner of T-intersection of white linear buildings part of
TA-16 X-Ray Building, bldg 16-220

Small bush at intersection of trails
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1992 Survey

x1 (feet)

1650018.6
1643244.9
1633394.2
1630324.7

1618289.4
1623630.1
1625024.1
1629981.4

1640902.3
1652666.1
1609587.3
1655472.1
1654318.6

1659971.9
1650788.7
1643117.3
1631808.9
1620582.6
1607532.4
1606585.6
1611815.8
1632770.4
1637093.4
1632340.3
1662259.2
1642699.3

y1l (feet)

1736096.8
1747821.0
1778791.2
1779668.8

1780340.7
1782904.1
1785304.0
1785336.9

1789313.7
1779861.7
1776855.2
1768213.3
1760500.1

1748015.3
1741555.8
1735809.4
1743856.1
1749322.9
1759045.7
1765487.9
1773053.3
1744704.9
1736627.0
1780831.8
1757673.1
1764666.1

2000 Survey

x2 (feet)

1650024.0
1643244.7
1633395.7
1630327.1

1618287.3
1623627.5
1625021.3
1629977.2

1640899.3
1652670.0
1609583.6
1655470.5
1654318.3

1659973.9
1650791.5
1643120.5
1631800.5
1620580.1
1607531.8
1606583.0
1611818.7
1632767.0
1637095.4
1632335.2
1662259.1
1642696.4

y2 (feet)

1736094.3
1747815.0
1778796.7
1779668.6

1780337.3
1782901.1
1785299.1
1785333.2

1789311.1
1779857.7
1776859.3
1768209.7
1760498.2

1748010.2
1741552.1
1735804.2
1743851.3
1749317.6
1759046.6
1765491.8
1773052.1
1744703.8
1736623.6
1780830.7
1757671.5
1764666.6

del X

-5.325

0.208
-1.465
-2.461

2.121
2.673
2.794
4.203

2.986
-3.870
3.704
1.580
0.371

-1.936
-2.770
-3.254
8.348
2.547
0.613
2.547
-2.903
3.433
-1.965
5.124
0.130
2.869

del Y

2.549
5.979

-5.583
0.292

3.346
2.941
4.924
3.693

2.678
3.974
-4.102
3.552
1.900

5.123
3.713
5.183
4.860
5.324
-0.860
-3.860
1.135
1.175
3.390
1.054
1.699
-0.477

dist

5.904
5.983
5.772
2.478

3.962
3.974
5.661
5.595

4011
5.547
5.527
3.888
1.936

5.477
4.632
6.120
9.660
5.902
1.056
4.625
3.117
3.629
3.918
5.231
1.704
2.908

Description

Boulder on west bank of Rio Grande at southern edge of tile
Small tree in clearing south of road/trail in Northeast corner of tile
NE corner of porch on 1106 Big Rock Loop

Inside corner of sidewalk at San lldefonso Road and Broadview
Drive

SW corner of fence surrounding Urban Park tennis courts

W corner of golf course swimming pool

Monument in center of circle at NW corner of cemetary

Left edge of white E-W structure on north side of turnoff to east from
Rendija Road

Center of bush south of where two track dirt road crosses draw
Clearing in center of clump of trees at horseshoe bend in dirt road
Opening in west end of wharf on east side of reservoir

Small bush on west bank of arroyo just before horseshoe bend
Intersection of line of bushes extending SSW from large tree and
north edge of 2-lane dirt track

Closest complete bush to SE corner of sheet

Smaller bush just east of larger tree which is part of a triad
Isolated bush

SW corner of building with white roof

Center of elliptical bush

Center of guard post at back gate

Intersection of trail with horseshoe curve on dirt road

Edge of bank on north side of ski hill turnoff

South corner of BNM entrance booth

North end of highway stripe

North corner of fence around rodeo grounds

Middle of large boulder

Small tree with horseshoe bend of arroyo
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1992 Survey 2000 Survey

x1 (feet)  y1 (feet)  x2 (feet)  y2 (feet) del X dely  dist Description

1648716.4 1752459.6 1648718.7 1752458.1 -2.287 1.457 2.712 Center of sidewalk on north side of Piedra Loop

1644597.1 1772893.4 1644593.7 1772890.4 3.375 2983 4504 Smalltree by dirt track

1636330.9 1768430.6 1636330.2 1768429.0 0.719 1.614 1.767 8-foot diameter rock

1631785.0 1772168.5 1631784.0 1772168.3 0.997 0.138 1.007 Base of pole

1636752.2 1775181.2 1636756.2 1775180.4 -3.950 0.723 4.016 Wind post with circle

1625039.3 1769255.3 1625037.5 1769254.0 1.795 1.308 2.221 Intersection of curb and sidewalk

1620047.4 1773303.4 1620047.6 1773297.0 -0.258 6.451 6.456 Bend in fence south of gate

1618622.5 1769057.6 1618622.3 1769052.5 0.149 5.093 5.095 Center of low-lying circular feature

1624397.7 1773508.7 1624401.6 1773501.8 -3.953 6.960 8.004 NW corner of concrete pad

1650752.1 1772095.1 1650755.6 1772091.4 -3.414 3.713 5.044 SW corner of white feature

1630918.9 1768436.1 1630918.0 1768433.6 0.949 2517 2.690 Center 10 x 6-foot concrete structure

1643657.4 1768220.3 1643658.6 1768215.6 -1.145 4.735 4.871 Outcrop between trees

1649029.0 1768903.7 1649030.0 1768897.6 -0.976 6.064 6.142 Small bush in arrow south of cliff apex

1642972.0 1776709.0 1642971.4 1776705.3 0.676 3.750 3.810 Center of small NE tank

1638008.0 1784131.2 1638008.8 1784128.3 -0.719 2.851 2940 Small tree east of larger stand

1626265.8 1780327.3 1626264.8 1780326.1 1.003 1.224 1.582 NW corner of tennis court

1637978.4 1776626.4 16379779 1776621.5 0.456 4.848 4.869 Boulder in field

1638316.1 1781495.0 1638318.8 1781492.4 -2.664 2.609 3.729 East edge of driveway

1596812.3 1781856.8 1596812.9 1781854.0 -0.642 2.845 2917 Geonex survey point

1661957.0 1774108.9 1661953.9 1774109.1 3.105 -0.206 3.112 Geonex survey point-note: NE corner of cattle guard instead of SE
(cattle guard aligned SW-NE)

1635370.9 1803020.6 1635369.7 1803016.8 1.194 3.810 3.993 Geonex survey point-faint footprint of 25 x 25 foot square object
aligned N-S

1600840.1 1792796.7 1600842.6 1792794.3 -2.491 2.389 3.451 Geonex survey point

Summary Statistics max 8.348 13.225 13.227
min -6.645 -8.027 0.851
average 0.086 2.658 4.544

std dev 2903 3.094 2.067
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Starement af Work
Photogrammertric and LIDAR Aerial Missions
Los Alamos National Laboratory

STATEMENT OF WORK

PHOTOGRAMMETRIC AND LIDAR
AERIAL MISSIONS

FOR

SUPPORT OF THE CERRO GRANDE FIRE DISASTER

Environmental Restoration Project
Environment, Safety & Health Division
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Photoprammetric and LIDAR Aerial Missions
Los Alames Nationa! Laboratory

L. Introduction

ESH Division and the ER Project propose to conduct photoprammettic and LIDAR aerial missions over

approximately 321 square miles of Los Alamos National Laboratory, Los Alamos County, Bandelier

Mational Monument, Santa Fe Mational Forest, Santa Clara Pueblo, the Pueblo of San Tld=fonso, and Cochiti

Puchlo 10 order to accurately document, inventory, model, and analyze the existing and potential damages

resulting from the recent Cerro Grande fires. The services required are ag follows:

+  Low resolution LIDAR data acquisition for approximately 173 sguare miles (A & C of attached
map);
+ High resolution LIDAR data acquisition for watershed and drainage study area approximately 148
square miles (Area B of attached map);
« Color neral photography at a seale of 1"=2,000" for approximately 321 square miles {Areas A B, &
C of attached map) to support 1"=300" digital ortho imagery;
¢ Analysis of LIDAR data to produce “bare-earth” DEMs, reflectance, and canopy data; and
e Creation of orthe imagery from aerial photography and [DEMs.
1L Moapping Area
The attached map illustrates the extent of the mapping area. The map alse shows the 1"=400" tiles using a
12,000 % 8,000 grid. The polygon indicates the extent of the Cerro Grande fire,
Areas A, B, and C on the attached map reference the following suedy areas:
s A and C: Areas of low-resolution LIDAR, approximately 173 square miles;
s B Area of high-resolution LIDAR, approximately 148 square miles; and
* A B and C: Areas of 1"=#0)" color crthe imagery, approximately 321 square miles,
1.  Services and Specifications
The primary services required under this statement of work are as follows:
Aerial Photography

Photography is the source for collecting event (fire damage), physical, and cultural features as they are

represented at the time of exposure,

1. Aerial photography shall be flown using namral color film at a negative scale of 1"=2,000°
(1:24,000) sufficient to support 17=300" digital ortho imagery. The flying altitude shall be
approximately 12,000" above mean eceain,

Page: 20f 7 B0
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Photogrammetric and LIDAR Aerial Missions
FLas Alameos National Laboratory

2. All acrial photography shall be accomplished as to afford photographs mesting all precision
requirements for aerotriangulation and GIS database compilation conforming to the USGE Map
Accuracy Standards, These standards include:

* flyinge under optimal weather conditions such as cloud coverage and sun angle (there may
be smokethaze),

. Federal Aviation Administration (FAA) and Civil Aeronsutics Board (CAR) safety
regulations,

. state of the art film processing, and

. current USGS calibration report (within the past three years) meeting specifications for

+3.0) and aerial weighted average resolution (AWAR of 100+

focal length (153 mm,
mm/inch).

Fully Analytical Aerotriangulation (FAAT)

EAAT is the process that merges the GFS control with the aerial photography. This process establishes a
project-wide coordinate system for the photogrammetrist. FAAT specifications are as follows:

L. Fully analytical aerotriangulation (FAAT) for densifying the ABGPS control shall be accomplished
by either conventional or digital methods;

2 Tndividual FAAT solutions shall be completed for theaerial photography, and

3 The final results of the FAAT shall be delivered to LANL.

Survey Controls

Survey controls shall be utilized so that the LIDAR and aerial photography can be “referenced/tied” to a
known coordinate system. When available, contractor shall udlize the control points established by
LAML on previous projects. The following survey controls shall be utilized:

l. Contractor shall use GPS technology to survey positions that will be used for the checkpoints
sapporting all mapping products.  These points are used to verify the positional accuracy
{horizontal and vertical) of the databases;

2. When applicable, contractor shall install a semi-permanent monument for each of the photo-
control points, The monument shall be a #5 rebar, 24" long with an aluminum cap {LANL shall
provide the survey cap). Additionally, a pre-mark shall be placed so that the control point will be
visible in the aerial photography;

3 Horizontal coordinates shall ba based on the Mew Mexico State Plane Coordinate System, Morth
American Datm 1983, Elevations shall be based on National Geodetic Vertical Datum of 1958,

4. Upon completion of the survey an ARC/INFO coverage all the GPE points shall be provided 1o
LANL; and
5. Airborme Global Positioning Systern (ABGPS) shall be used for the 1"=2,000" aerial photography

and to support the LIDAR acquisition.

;:ge: Iof?
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Photogrammetric and LIDAR Aerlal Missions
Los Alamos National Laboratory

D. LIDAR Elevation Mapping

LIDAR (Light Detection And Ranging) is a proven radar technology used for collecting elevation data (x, ¥,
z). There are two resolutions of LIDAR data being requested; Approximately 173 square miles of Low
resolution LIDAR in Areas A & C(sec map), and approximately 148 square miles of High resolution LIDAR

i Area B (see attached map).

1. The following are the key data collection specifications for the Low rasolution (17= 400"} LIDAR
mission:

a. The flying altitude of the aircraft shall be approximately 6,500 feet above mean ground level;

b. The average DEM spot spacing shall net exceed 4°;

¢. There shall be two GPS base stations on the ground during the LIDAR missions;

d. The Low resolution LIDAR DEM shall be suitable for generating 10" contours;

e. In order o accelerate the analysic of petential floading and drainage problems, the contractor
shall acquire a low resolution Digital Elevation Model (DEM) using the LIDAR “Bald Eanh"
model. The LIDAR DEM shall also be used to create digital orthe imagery and 10° contours.
The positional aceuracy of this data shall be 2.5" vertical and 8" horizontal;

f. The integrity of the elevation data shall be increased using a “first and last pulse”™ procedure,
as well as, evaluating the “intensity” of each posting;

g. The aircraft shall be equipped with GPS and inertial reference systems that accurately
determine the attitude and position of the sensor;

h. The positional accuracy of the final contour data shall comply with National Map Accuracy
Standards;

i. META data attributes shall be added to the LIDAR data; and

j. Reflectance and canopy data shall be generated from the LIDAR data,

s The following are the key data collection specifications for the High Resolution (1% = 1007)
LIDAR mission:

a The flying altitude of the aircrafl shall be approximately 3,000 fest above mean termam. The
flight lines shail be parallel with about a 40% side overlap. The sensor-seanning angle shali
be approximately 30°. Based on the target acquisition spesd or through the use of @
helicopter, a ground point density of 1,56 feet along and parpendicular to the flight path
shail be obiained. As nceded, the contractor shall acquire LIDAR profiles in order to
maintain vertical accuracy in spacific areas of the project;

b. There shall be two GPS base stations on the ground during the LIDAR missions;

]'-';||_;|.':: 4 af 7
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Photogrammetric and LIDAR Aerial Missions
Loy Alamos National Labaratory

The High resolution LIDAR DEM shall be suitable for generating 27 contours;

In order to accelerate the analysis of potential flooding and drainage problems, the
contractor shall acquire a high resolution Digital Elevation Model {DEM) using the LIDAR
“Bald Eanth” model. The LIDAR DEM shall he suitable for creating digital ortho imagery
and 2’ contours. The positional accuracy of this data shall be 15 em (0.5") vertical and |
horizontal;

The integrity of the elevation data shall be increased using a “first and last pulse” procedure,
as well as, evaluating the “intensity™ of each posting:

The aircraft shall be equipped with GPS and inertial reference systems that accurately
determine the attitude and position of the sensor;

The positional accuracy of the final contoir data shall comply with Mational Map
Accuracy Standards;

META data attributes shall be added o the LIDAR data; and

Reflectance and canopy data shall be penerated from the LIDAR data.

E.  Color Digital Orthophoto Production

A digital ortho image shall be produced that nses survey control, FAAT, and LIDAR DEM (low and high-
resalution data) to correct distortions inherent with aerial photography. The color ortho imagery will cover all
three study areas (A, B, C). The following specifications shall apply:

1.

Contractor shall utilize digital mosaic technologies to create a “seamless" image database across
the entire project. Contractor shall ensure that ground features on the digital ortho imagery shall
edgematch within the specified Mational Map accuracy for each scale of photography. Tonal
matching between different scale and dates of photography shall be accomplished to the best of

the contractor's ability,

Contractor shall deliver the digital orthephoto in a TIFF (with a world file) format at a 2' pixel
resolution covering an area 5,000 x 12,0007, compatible with ARC/INFO. The imagery will also

be compressed using MrSID,

The low and high resolution LIDAR elevation data shall be wsed to control the 1"=400" color digital

Iv. Deliverable Produets and Databases

The following describes the products and databases requested by LAML.

Aerial Photography Products

One (1) set of labeled (ritled) original 9% x 9" colar nepgatives of the aerial photography. The film will
be delivered in an ASPRS approved camster,

Page: 3of T
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Photogrammerric and LIDAR Aerial Missions
‘Los Alamos National Laboratory

2. Four (4) set of paper color 9" x 9" contact prints. One (1) set will be a “working" set used by the
contractor. The remaining sets will be provided 1o LANL,

3. USGS cenified Aerial Camera Calibration Report.

4. ARC/INFO point coverage of the ABGPS photo-centers.

Fully Analytical Aerctriangolation (FAAT) Products

1. Two (2) copies of the FAAT results and computations in a report form (both paper and electronic in
WORD).

ARCANFO Datahase Design and Definition

1. ARC/INFO database design documentation (both paper and electronic in WORD).

LIDAR Data Products

1. Two (2) sets of CD's Bald Earth LIDAR data in an ARC/INFO compatible ASCII file.

2. Two (2) scts of raw LIDAR data (i.e., filtered, uninterpolated, canopy and ground surface xyz points).
3. Twa (2) sets of post-processed canopy data and reflectance imagery will be delivered.

4, Two (2) sets of the post-processed “Bald Earth” LIDAR data shall be delivered in an IEEE floating
point (binary) format in columnfrow format soitable for input into ARC/INFO through the
FLOATGRID command. This LIDAR dataset shall be delivered as an interpolated 1-foot grid. This
product can optionally be deleted from the set of project deliverables at a cost savings to LANL of

F1H, 000,
Digital Orthoe Data Products
1. Two {2} sets of CIV's for the 1"=£00" color digital ortho imagery in a TIFF format at a 2.0° pixel
resolution in the study areas. There are approximately 131 tiles in the 1"=400" study areas. Partial
tiles of data are acceptable on the edge of the study area.s This delivery shall be uncompressed.

2. Two (2) sets of CDs for the 1"=400" color digital ortho imageny in a MeSTD compressed format

3. Eight (8) color wall mosaics of the digital ortho imagery. Each color mosaic will be in 2 pieces,
approximately 487 x 72" The mosaics will be printed on color paper, mounted, and deliversd,

4, [Dxigital file for the color wall mosaics (Item #3 abave).

Page: 6 of 7 a0



FPhotogrammetric and LIDAR Aerial Missions
Los Alamos National Laboratory

V.

VIT.

¥IIL.

Pruoject Information Provided By LANL

Coordination with air traffic control to expedite the aerial photography and LIDAR missions.

2. Access (and escorts, if needed) to amy areas where GPS control is needed for the LIDAR and
photography Missions.

3. Assistance with the design of the ARC/ANFO coverage definition,

4, Provide the exact coordinates of the (=400 tile limits.

5. If applicable, provide subcontractor with the survey cap for the semi-permanent monument that is
being installed during the survey task.

.  Brass cap database and survey records from previous flight.

Schedule of Deliveries

The following surmrrarizes the delivery schedule the requested products:

Finalize scope of work June 7, 2000

Motice to proceed June 9, 2000

GPS surveyors mobilize to project June 12, 2000

Flight and LIDAR Plan to LANL June 13, 2000

Aerial and LIDAR missions Tune 19-Tuly 10, 2000

1"=400" digital ortho, LIDAR dat 60 days following field acquisition

Lahoratory Implementation Requirements (LIRs) -

The contractor shall cemply with all of the applicable requirements of the Aviarion Safery LIR (LIR 402-
1320-02.0).

Additional Comments

1.

2

3.

LANL encourages the submittal of products as they become available (e.g., as sub-regions are
completed). This will help insure that the deliverables arc in the required format and will help LANL
conduct analysis of the fire effects in a timely manner,

File formats of daliverables may be changed upon mutual agreement of LANL and subcontractor,

The total arca of the work (2., A, B, and C) is subject to minor adjustment (by <1% of the area).

Confidential and Proprietary Information

Each party will trear as confidential all Information that has been or may hereafter be made available to the
other in connection with this agreement. Except as necessary for the project, cach party agrees that under ne
circamstance will it make use of or disclose the Information to any third party.

Page: 7 of 7
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1"=400’ scale data limits

124 tiles

Area of Interest: 321 sq-mi
A =76 sg-mi

B = 148 sg-mi

C =97 sg-mi

N
[7] Area of Interest
£ Tile Boundaries
|| USGS HUCs E
7 Cochiti Lake
/. / Drainage
7 Fire_history st gy

23



24

APPENDIX Il

Fully Analytical Aerotriangulation Report



Cerro Grande Fire
Fully Analytical Aerotriangulation Report

November 17, 2000

Submitted to:

Mr. Robert Beers
LANL ESH-18
Los Alamos, NM 87545

Phone: 505-667-7960

Prepared by:

MERRICK & COMPANY
GIS, Survey, Photogrammetry Services
2450 South Peoria Street
Aurora, Colorado 80014
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CERRO GRANDE FIRE

FULLY ANALYTICAL AEROTRIANGULATION (FAAT) NARRATIVE
Negative Scale: 1""=2000"
1.1 Introduaction

The Fully Analytical Acrotriangulation (FAAT) process calculates the exterior orientation
for each camera station (x,y,z location at the photo center and tip, tilt and swing of the
camera at the instant the photo was captured). This exterior orientation data is used in the
digital ortho rectification process. FAAT also generates horizontal and vertical
coordinates for supplemental photogrammetric points. These points are used for the
absolute orientation of the stereo models in the compilation phase. FAAT simultaneousl ¥
corrects image displacement caused by earth curvature, atmospheric refraction, camera
lens distortion and aircraft (flight) inconsistencies.

This report summarizes the final results of the FAAT exercise and validates the Airborne
GPS control and the field GPS survey control. The contents of this report include the
following;

1. A narrative summarizing results and significant steps influencing the
FAAT soluton.
2. Root Mean Squared (RMS) error and residuals of the Airborne GPS.

Table 1

Root Mean Squared (RMS) error and residuals of the final block
adjustment of the surveyed ground control.

Lt

Table 2
4, Camera calibration report.
4. Diagram of sterec model layout with survey points, photo centers and
tiles.
Cerro Grande Fire 3 November 22nd, 2000}
Analytical Aerotriangulation Report Merrick & Company

27



1.2 Summary of the Process

This FAAT Report summarizes the aerotriangulation performed on color aerial
photography covering the Cerro Grande Fire project area. The photography covering the
aerotriangulation area consists of twelve (12) 1"=2000" scale flight lines. Aerial Surveys,
Int’l., LLC captured the photography with a Jena LMK 2015 precision mapping camera
and simultancously collected Airborne GPS data (photo center xyz) for each exposure.

Merrick scanned the resulting aerial film negatives to produce one set of digital images
for digital AST processing. One set of working prints and three sets of client prints were
made fTom the negatives as well.

Euach control point was identified, numbered and marked directly on the working set of
contact prints. A unique numeral identifies each point.

Merrick imponted the scanned images, the Airborne GPS photo center data, the surveyed
ground control data and the camera calibration data into our Socet Set and Orima AST
software. Interior orientation (the location of each fiducial is measured and compared to
the camera calibration report’s value for each fiducial) was performed on each image.
We chose analytical poinis to act as passpoints from image to image and tie points from
line to line. This process is automatic but closely supervised by an A/T Technician, and
is augmenied with manually placed points where the automatc point generation skips an
area or places a point inaccurately. Adjustments are done strip by strip and when the
errors and blunders are corrected the strips are tied together, Once the photogrammetry is
complete and error free, we measure the ground control points. A simultaneous bundle
adjustment is then performed, trouble shooted and reperformed until a satisfactory run is
obtained

A total of forty-seven (47) GPS surveyed ground control points were used in the final
FAAT solution. These ground control points were used in the FAAT solution as follows:
Thiriy-three (33) were used as vertical-only conirol and fourteen (14) were used as
horizontal and vertical control. A detailed report concerning the surveyed ground control
can be found at the beginning of Table 2, EMS Errors and Residuals for Final Solution
Surveyed Ground Control. Airborne GPS photo control provided photo center x,y,z
coordinates for each exposure. These ABGPS photo centers were held as horizontal and
vertical control in the final FAAT solution.

e

Cerro Grande Fire Movember 22nd, 2000
Analytical Aerotriangulation Report Merrick & Company
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The following table summarizes the total parameters for the Cerro Grande Fire

project:
Photo
Exposurcs Cntrl. Pts Scale
165 47 1 =20008

1.3 FAAT Equipment (hardware and software}

Merrick uses L H Systems Socet Set and Orima software to process the digital imagery
and to perform Fully Analytical Digital Aerotriangulation.

14  FAAT Acceptance Criteria

The quality assurance check is performed by comparing the Airborme GPS control point
results with the ground base GPS control point results. The results confirm that the
solution is accurate.

The following table summarizes the accepted 17=2000° FAAT results for the ground
GPS (block RMS):

X-Coordinate

Y-Coordinate

L-Coordinate

RMSE

9891

T

3697

The following table summarizes the accepted 17=2000" FAAT solution for the

Airborne GPS photo centers:

X-Coordinate Y-Coordinate | Z-Coordinate l
@SE 1.120 1.162 B23 l
Cerre Grande Fire 3 November 22nd, 20040

Analyucal Aerotriangulation Report Merrick & Company
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1.5  System Parameters

The final FAAT results are based on the following:

Cerro Grande Fire
Hornzontal datum: MNAD-83 (rev. 1992) New Mexico State Plane,
Central Zone
Vertical datum: NGVD-29
Units: US Survey Feet
Cerro Grande Fire 4 November 22nd, 2000
Analytical Aerotriangulation Report Merrick & Company
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Inspected by:

/

sl J"'( "i-—'--.._
David Q. Pierson
Photogrammeitric Technician
Memick & Company

PHOTOGRAMMETRIST
Juan Carlos Sjr{::haz (ASPRS) Na. 1080

Certified Photogrammetrist
Merrick & Company

UNILIPAL

Brian Raber
Project Manager and Mapping Scientist
Merrick & Company

Date Prepared: November 22nd, 2000

Cerro Grande Fire 7 Movember 22nd, 2000
Analytical Aerotriangulation Report Merrick & Company
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Table 1

AIRBORNE GPS
RMS ERROR & RESIDUALS

Cerro Grande Fire B November 22nd, 2000
Analytical Aerotnangulation Repont Merrick & Company
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3.24 ¥ Fh09882 Ti0 l.b1a I.0049 0, a11 2.0 0.3 15.34
1 ¥ 18309%6.020 1.284 L4548 -0, 730 3.3 B.1%  16.25
z 23557.830 D38z 1.g00 0,199 o1 9.41 .06
3_23 i 1599508 . 68D L.378 2.000 -1.3144 -0.3 4.2 1817
1 i 1823527 100 1.255 1.45% Q.47s a2 017 1%,
4 22537.550 0. 850 1.2400 o147 a.0 0.45 71,67
3.22 E) 159%959.0400 LTEE E. 0040 =0.3122 -F.k B.i% 1953
X ¥ 1885721 .020 1,347 L.&sd o100 .l .08 26.53
i 22513 .50 O.Riz 1. %00 =1.3180 -0.4 0.47 71.589
3.21 X 1559954 500 1.3a7 1,000 -J,304 -0.2 a.03 47.39
1 ¥ 1802557 580 1.385% 1.4E0 Q.331 0.5 Q.01 &§,74
2 231503 . D 1.0%7 1.200 -0,115 0.1 Q.9% 17,05
¥_2l X 1535831 ,350 1,744 :.099 -Z. 617 -6.7T D.1T 20,64
1 ¥ 1801113.450 1,283 Lo&50 b.3gn ool @IS 16,24
2 21489.420 0.974 L.x0g -k.G05 -G.3 B.3F %.T0
3_ta X 180000E 940 1. 682 1. moo -0.392 -8.1 0.23 17.%4
1 ¥ 1753%26.480 1.3122 1.450 =3,412 -0.2 0.1¢ 20.11
z 22486.160 [ 154 1.200 =0,478 -0.1 93.43% T.7%
I_1E X 1600625 . 670 1.471 2. -L.1%4 0.k 0.41 13.43
1 ¥ IT8EETO. 100 1.232 1,460 O.3E5 0.1 02.21 13.51
Z 224%8 . 830 0. 350 1.200 o578 0.1 .58 6.82
i K LEQ0QD45. 780 1.42%9 1.000 .80z .1 .44 13.04
1 i i 1TTR204. 240 1.171 L.450 1.92% C.¢ .29 11.%9
T 32470830 4.931 1-200 F.14d .0 &0 6.To
I_1s X 1500085.790 1.277 3-002 0,765 0.1 0,55 11.54
1 b 1731950570 L.ogz 1432 0.554 a.1 0,3% 1
z d2484 380 0. 615 1.20@ 1,143 .3 0.71 §,12
1% ¥ 1600083 S0 1.401 2000 -1.017 =0.,2 4.47 1%.s82
1 T 1764671, 540 1.121 1,451 1. t4% 9.4 4.35 14,54
Z 23537, 420 [t 1.200 .71z 9.2 0.57 k|
i_14 X 16004837, 750 1,355 2.000 L.427 0.2 0,57 11.43
1 i 1756729, 840 1,081 1.450 0. 61 D.2 0.80 9,94
z 23564 330 0.624 1.i00 0,885 B2 p.?1  &.18
L3 X 1559961 . 2a0 L3386 r. 000 1.472 .2 0.% 12.02
1 I 1748437 68D i-151 1.4540 §.702 r.2 8.3 11.12
I 32554 %93 Q&40 1.I00 [ 111 B.0 0.é8 &.27
113 K 1589990 . 660 L.3E5 2.000 1.482 ] 0.48 12.4%
i ¥ 1735833 650 L.150 1.45@ =0.38) =0:3 .37 ll.11
4 23262 030 B, 845 l1.300 -0.31a -0l bLER .25
311 X 1600042 880 L. 503 2.000 =1.7%5 -0.3 0,39 13,87
b 1731138.930 L, 1.450 1,415 4.5 0.25 12.49
B 23541.0%0 B, 731 1.30@ 0.7 0.2 0.5% 6.7k
1D X 1600048210 1.51% 2. 666 1,754 0.3 0,37 14,11
1 ¥ 1723177 . 980 1.171 1.450 0. @Ls 0.2 0.2% 11.59
T 23829 600 o, ga2 1.200 2.372 9.1 0,864 fi, 4R
3_0% £ 1595373 . 040 1.537 2.40¢n 0.4 0.1 0,32 15.14
i T 1714512, 440 1.21% 1.4%0 1,595 0.% 4a.23 1%.58
T 32541 .040 0. 748 1.200 -1 1Y 9.1 4,58 6,75
i_o8 X 1558940, 250 1.831 Z.,0400 0. 355 01 a.08 ]
1| T 1705924, 870 1.357 1,450 -0_%14 =0,2 9,05 18.33
I 22510.650 o353 L.240 -2 417 ~3,7 0,30 8.44
403 I 1€12038.6%0 1.95% .00 0. k53 0.1 0.35 17,38
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1 ¥ 1HGZ2AL . TO0 1.263% L. 450 *1.31% 0.5 0.18 Ed4.93
k4 1990390 6,931 1,200 -0.49%49 0.2 0,24 ioig

G 04 X 168 2042.0T¢ 1.571 2,000 0.%61 .1 B.33 15.0%
i ¥ 1ETLE4R. D50 1.177 1. a%a 0.490 0.1 0.28 11.73
z TERRY IS0 0737 L. &on a.F18 B2 D.58 6,73

4_0% X FELU99E.920 1,691 2. 000 -2.T18 k.1 0,22 1B.35
i T Jaaoail . mig 1,288 1. 450 -2.617 0.0 .14 16.53
z 13002, 200 0.942 1.z200 -1.247 0.4 B33 a.99

404 % 1611558.550 1.62] 2.000 -1.044 0.3 0,22 18 %5
1 ¥ 14855218.B30 1.214 1.450 -1.123  -4.5 d.11 1%.0)
220135850 1.923 12040 . 26] 0.4 0. 11.17

.07 K 1611980.3480 1.575 Z. 000 -0.256 -0.1 ©0.32 15.l0
1 ¥ 1698219, 550 i.212 1.4580 -1.746 Q.4 .21 L2.HM
T F2004.070 Q0.Td5 L.204 0.0 e.¢ 058 6. T%

4ok I 161194T.040 1.%64 1.0 =0.781 0.3 0,33 14,94
1 ¥ 1708109, 890 1.173 1.4%0 -0.106 o.0 0.29 11.43
ko T2006. 580 B.736 1.200 4.566 B.1 0.8 -T2

4_0% £ 1412937.274 1.588 1.000 =0._507 «0.1 0.32 15.3%
1 ¥ 1717132.010 1.251 1.4350 o.625 4.0 0.13 14.30
a 12004 50 D572 1.20e a.100 a.40 9.43 T.82

4_140 % 1611924620 1.511 2,000 -1.474 -0.2 0.38 14.00
1 T 1725701 .040 1.229 1.450 -1.%49 -0.6 0.2 13.00
i 22025350 .11 1.z00 -B.152 0.0 0.55 .97

4_11 X 1611936.570 1.411 2.000 -1.00% 0.7 0.4& 11.T72
1 Y 17daniz.8%0 1128 1.450 -1.884 -0.% 4.4 U0.&5
T 21054 . 440 0.654 1.200 B, 214 4.1 o.&e .29

4.4z I §R11982 .77 (LT r.oan -2.888 -O0.4 048 132.413
1 T LT41849. 440 L.07% 1.450 -0.13¢ 0.0 040 %91
z 21966 . 620 G828 1.0 a.700 0.2 o0.7TF 6.17

i_13 I 1E1L9BZ.540 1.47% 2.000 -0.773 0.1 .41 13.54
1 Y L75020%.8%0 1,145 1.4%0 -0.18¢ -0.1 ©0.32 11.42
z 21955.390 0.E56 L.2490 0.68% B.2 Q.68 6.0

i_ld X 1611988 .290 1.444 i =2, b 0.4 0.43 13,05
] Y 1758301.%80 1.11% 1.4%0 ~1.4%F «0.4 D.36 10.4%
I 21009 .590 0630 1.200 0640 0.2 D49 .22

4:14% 1 1611945 510 L. 49% 1040 -1.54% -0.3 0.3% 13.82
1 ¥ LTsERG1_4To 1.184 1.450 -Z.5M4 DB D28 11.91
2 220LR.520 o927 b.20% -0 1% .0 O.a0 G.67

4_1¢ u 1411%44 . 250 1,296 2.000 0.123 0.0 D.%3 11.70
1 ¥ 1774173 810 1.0Ea 1.450 ~0.811 -2 ka2 .60
2 22007560 0612 1.200 1.:88 0.3 0.7  6.11

417 X 1411581.980 1.817 2,000 0.185 0.0 0,38 14.08
1 T 1782112 .71 1,224 1,458 -0.501 -b.2 0.22 13.3%
] 22011 600 0. 7EH 1.202 -0.§9%9  -0.3 0,53  7.10

4.18 x 1611502 . 780 1. 667 2.000 1.630 G.d 0.25 17.42
1 ¥ 1709541 . 040 1,154 1.4%0 -0.05% r.o p.o0s 27.30
& 22020 .550 1.062 1,200 -0, 548 -0.5 0,15 13,31

1% 1 1611555 . ATH 1.782 2.040 -0.381 -6.1 B.1a 23.35
1 w 1797304 350 1,340 1,450 -9.157 SLCR I VI Hr R B I
T Q1000 850 1.082 1.200 0.112 0.2 .12 15.10

q_20 i 1812013430 1.771 2,000 q.627 g.2 015 212.44
| T LBO422S.510 1.323 b.450 0,505 S+ I+ P 5 O
] 2LF50 . 240 [ 1.0 -0.%4%  -0.1 D.34 B.94

4_21 x 161E9T0.340 1-735 1.0400 =9.351 -2.1 Q.18 0.1
t ¥ 1811535 810 1.134 1.45D 20,314 -0.2 0.0F 21,45
) JRDHS . E40 "5k ] 1.8 -0.0%6 0.0 Do4B  T.49

4_22 Sy 1813003 550 L.a0d L0400 -0 .823 0.2 010 1%.43
i ¥ 1E181&1.540 1.206 1-450 1697 -0.5 625 12.54
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2 23533 200 a.766 1.300 0.43% 0.1 0.56 .80
q_2% X TR1I%8T. Q40 1,447 1. 00 -0 478 -0 1 D.43 E3.14
i ¥ 18251573, 540 1.227 1.453 =1.190 0.9 0.322 13.27
Z 21%14 . 760 a.713 1.200 0. 475 0.1 0.58 .71
424 X TE13015.724 1.582 2. 009 -f.138 4.8 0.32 15.24
i ¥ L8321 %k.0840 1.265 1.45a 0. 363 a.1 4.17 15.03
z b - a.as] 1.200 -1.627 -0,5 0,41 2.04
524 X 16239833210 P T Y 20033 =0.147 a.4 o.3s 15.76
1 ¥ 1834030%. 070 1.3e0 1.45%0 =, 250 a0 9.1 1T.55
& 21276260 R34 E.oron -1.B3T L T I e
5_2% i 1RO 20 R0 1.518 1.000 ~Z.2H1 0.4 036 14.43
1 ki LE2B A0 . G40 1.14% L.450 a. 124 o0 0,30 11.44
z ARZEL. 100 4. 7585 e ) -9.381 -1 BU5T 4 .B5
5_ 33 X LE23B7TE. 650 1.555 2. 000 -0, 795 -0.2 0.34 1472
1 T LEIEHT.IH 1.218 1.450 0553 2.3 ©0.24 1z.88
& 213108 .480 0.717 1,200 G.47a .1 0.8l 6,62
.21 X LE24CLE. LD L.700 2.000 i.102 .1 ©0.22 18.59
1 T La0vEed . 2149 L.2R6 1.4510 .27 G.1 0.1% 16.40
& 21341 .360 Q. 8%6 1_204 0. 6ES .2 0.31% E.25
523 A 16230915, 000 1.544 2,000 -0. 281 =0.1 @,3% §4.52
1 ¥ 100273.030 L.252 1.4%0 -&.130 0.1 9,15 Hé.1d
4 21375.490 0,917 L.200 a.021 4.0 9,37 F.548
5.19 3 1623940, 510 1,363 r. 000 -1.131% 0.2 0.50 3¥2.%5
1 T 17326080.420 l.le2 L.450 1.626 0.4 0,37 E0.74
T 21303 .700 @, 712 1.200 1.226 a.3 0.5 §.53
S l= X 1621960 . HI0 1.34% o000 0. 590 9.1 @o.81 12.10
| T 1TES163 .20 1.0l L. 450 a.zavr .0 f_45 .11
T 2131%.100 0.823 1.200 =0, 181 0.0 0. 71 .15
- x 1624016 .50 1.328 2.000 =1.54% 3.3 0.5F 11.%%
1 ¥ RTTGHE0.AT0 1.8 1.450 -0, 181 0.0 0,41 .76
z 21347 .8%0 0.605 1.200 =1.124 0,3 0.7 6.08
5 1% I 1624062 . 750 1,647 2.000 -0.3l6 -2.F 0.25 17.40
1 T ITEBE3 . 110 1.341 1.450 -0, 249 -G L 0.0T 23.44
z 21296960 0.95] 1.200 L.a73 [T TR A v 4.1%
5.15% x 1Gzangd  Soa 1.340 Z.oon 0.502 o1 S8 12.05
1 ¥ LTELT45.160 1.1a7 1.450 0.749 0.2 B.3F 11.06
] 21291 .05 n.614 1.200 -0. 408 -0.1 B.TF &.12
5_14 x 1 623985 ., 65 1.256 2000 O_4a% o1 o857 11.41
1 T 175422% .540 1.03d8 1.450 O_478 0.1 [.4% 5.17
I Z21255.310 0.580 1.200 0,349 o.1 0.7 5.5%3
5_13 X 1623501 .56 1.218 2.000 -1.455 -B.2 0.60 11.1%
1 i 1T4R32Y 420 1.4018 1.450 0.7315 B.F 0. 4B .17
Z 2127¢ . 650 0.54% 1.240n . 434 .1 0.7E 5,08
5_12 I 1622822.55Q 1.218 2.000 C.057 6.0 @.60 11.15
1 T 1738258, &50 L0040 1.45%0 1.5358 0.4 0.4R .00
3 21314550 o558 1.260 -0.012 0.0 o.77 5.00
5011 I 1s24011.770 1.309 1.0 -0, 821 -0,1 0.5} 11.80
1 T 1T2RERT . 90D 1.122 1.4530 0.ag3z 9.0 .35 16,57
z 21327.7%0 0,619 1.300 -0.920 -9.2 0.71 &.14
.10 X 1624003 ,.030 1,869 r.coo 0.17% @.1 .05 I§.74
1 ¥ 1TZOEZE. 3T 1.350 1.450 -0.188 «0,1 0.05 36.02
z 21341 .240 1.459 1.200 =0 361 0,2 0.15 L1.lA
5_09 I 1623520.5148 1.404 1.c00 o.0a87 a.f 0.0 45, T2
1 ¥ 1TRIGET . A20 L.2%A L 450 1. 455 0.6 o0.22 11.12
z 21339110 0. Ta4 1.3n0 N -01,2 0RR &85
508 i LE23826. 3ED L RA0 .000 -1.150 0.3 0.3% 34458
1 T LVO41E0. 200 1.141 L. 50 Q2.570 0.2 9.313 §0.52
z 213287.770 . EDE L.zon -, 230 -0.1 @.53 B850
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5_07 H 1624011.560 1.457 z.0040 -0, 954 =3.2 0.42 13.15
1 ¥ LAA5E03 . 170 i.18% 1459 O.625 Q.2 0,27 12.65
E 21¥12_ 730 [ 3 §_Zxoa L a.0. 9.45% 6. 40
S_06 b LEZIREL 500 L.3TE t.a09 Q. BTE =2.1 9.4% 12 34
1 T LEBETT2 86l b4z L.&50 a.iTs .0 9.33 10,94
T 21405 180 . 40 L.Zzoo 1.818 0.4 0.8% B.21
L_ak K 1523922 550 1.353 i.000 -1.17% 0,2 Q.50 12.21
i ¥ LETTFR56 . 900 1. 020 L. 450 1.921 0.5 Q.40 4.8
t 1341 6238 0. 659 L.Z00 1.374 0.3 0.87? B.3%
5_04 X 1623220.290 1.:85 2.000 0.9311 0.1 0,55 11.61
¥ 1668155, 740 1.041 L. 450 -5 3 .2 0.44 9.41
E 213109 . 9240 0. 407 L. 200 1.11¢ 6.3 6.72 405
5 01 X LGR3%4S . Too 1.447 Z.000 -1.472 -0.3 pD.43 13.12
i Y . 16%9EST.470 1.15% 1.450 -0.087 0.0 0.31 11,310
= 21351 .4940 o, 802 1.200 =1,38%  -0.4 0.5 7.1l
10_05 X 1684013 . 400 1,658 i.0:00 ¢.272 9.1 0.25 17.12
1 T LT7R404. 510 1.261 1.450 =1.577 =0.6 O.1F 14.E0
= 10T, 340 a, %6l 1.200 o084 @0 0.0 S.40
10_G6 ] 1583%81%.4590 I, 508 &.000 @.0E5 9.4 @.32 15,18
1 ¥ 1 7845%1.710 1.165 1-450 -0.0%8 9.0 Q.30 11.45
A LRO42.510 o. 748 1.200 [ FY] 4.2 ©.58 6.9
19_07 ¥ 1EBABIG.IIC 1.7 ronoa O.60E a.3 0.ap 1%.34
i LI R EL N 1.3257 1450 [P TS ] 0.1 0.1 14_&0
4 THOYT By [ | 1.:00 -1.T74 -0.5 0.42 7.85
La_CR X L&RF995 530 1.671 1,000 -1.37% -0.3 0.24 17.58
1 T 1799171 . AR 1.308 1450 -1.184 -0.5 @.123 17.%%9
& LRG0, 0. BG4 1.nn -0.58& -0,2 0.43 7.8%
1a_as K 18R40401 - 210 1. 646 1.000 =0.810 =0.2 0.26 16.78
i ¥ 1R0%918.550 1.3262 1. 450 -O.onT 0.4 O.1R 14.88
I LAD0T 150 ool 1.200 0545 0.1 D0.5% 657
1a_1a X 1TERIY . 454 1.520 2000 -0.T1g =01 0.3 14.13
1 ¥ 1ELZ2871 . 404 1.161 1.450 -1.155 -0.3 0,30 131.3%
Y Lagzo, oy 0. 689 L. 200 0.833 b.,2 D.64d LR
ta_11 I 1584031 .%20 1.4L8 i1.000 -1.41% -0:2 D.45 12.80
L T LELEHIE_ S30 L.08% 1.450 -0.93F  -0.2 D0.3% 10.04
I LAG1d _aph 0.ha2 L.z00 O.454 0.1 0.d49 8.23
[0 r ) K 1584078, 320 L.565 1.000 =Q. %541 =0.1 0.34 1d4.%d
L ¥ 13258%%.320 L.242 L. 450 0.40% 0.1 0.20 13.57
Z 1EQl&. 650 Q.BLY 1.z200 1.7&1 0.5 0,50 .34
T_rn L 1547379.%30 L. 340 2.000 -0.9%52 -0.2 0.51° 12.05
1 T 1330280450 L.10& 1450 2.3%4 0:8 0.3%1 16.30
I 20102 .100 0.785 1.200 -1.21% -0.3% 0.5} 7.14
T 27 ) | Lo4@46.510 1,206 1.000Q -1.45% -0.2 0.0 11.08
L ¥ 1823577, 146 0,535 L.45Q 1.754 0.4 0.55 B.45
= Z0104 . 18D Q.55& 1.200Q 0.141 o.@ Q.37 5.92
1_2K % L 548076, 020 1.01R Z-000 T.E08 Q-3 47T 19,17
i T L3NE2ET.TEO a, 870 1-450 .93} e.2 @.81 g.01
& 20115, a0 0.460 1.2940 a.303 .1 T.54 264
T_B% b LS4B014.570 1.072 2.0aa 1.2:3 a.1 0.€9 10.40
L T LAOS1A% . BO0 0. B85 1. 458 0. ALt o.1 0.0 &.10
L5 20L44 . BED . 451 1. 200 0.E48 0.1 f.82 %.72
T 24 b LEATERY 250 1.08% 2. HHY n.824 .1 0.T0 10,32
1 T LH01TE9.1 0. 3z 1.450 2.5808 6.5 D.B1 8. 03
E 20142 _EED [ ] 1.200 299 0.1 D.B3 5. 69
a1 £ 1847953 .07%0 1112 2000 1.118 C.4 0.&86 10.%4
1 v 1Ma3zE 13 [ 01 ) L. 450 1.312 6.1 0.57 [ E
z dC1AR-ARD 0. 492 L. x00 o.4'e 0.7 0.82 5.73
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122 X 1647060, 380 L. 148 2.0030 -G 221 .0 D.54 10.77
1 ¥ 1787041, 260 0.%33 1.453 1615 3.3 055 B.ap
z 7O119.500 o, 514 1.304 2.110 Q.0 D, 0% 5.749
7_21 X 1E47985 560 1,106 2.000 1.912 G:1 9.4T 10.%7
1 ¥ 17T9EE1.E20 o4 1.453 1.034 b4 0.%&  B.3§
z 10331330 0,524 1.304 - 1lad b oty 5.8
P_20 X 164 8033 950 1.14@ 2.4000 0. 445 rF.1 9.%4 10.76
i e EIT2024.190 g.931 1.450 1.142 r.5 0,57 B.28
z JobLse. 400 @.533 1,300 0. 053 F.o9.T% 5.84
T_1% 4 1&axm40. 150 L.216 2,000 1.722 0.2 o, 71 10.2%
1 b 1764088 3L a.aan 1.450 0.a54 0.2 0.57 2L
E 20157, 5E0 a.4%1 1.180 -1.05% -0.2 .82 5.1z
7_1@ R 1647870, 600 L-054 2.000 1,382 2.2 70 lol3z
1 ¥ 1756824, 760 0.8%7 L.450 1. 852 a.8 .58 .20
z 20154, A50 0.45% L.aonp -4, BLS -0.2 0.8g 5. 84
T X 1647018510 1.013 2000 1.407 9.3 0,71 14.24
L T 1749543 980 o211 1450 1.028 a.r 4.57 i, 28
z 20133 944 .ass 1.300 -0.152 0.0 0.44 5,63
T_1& 4 L&4TDEL . OO0 i.128 2,000 2621 G4 @.5%  10.&56
1 T LT41RE0. 850 .91 1.4540 L-557 0.4 9.5 B.82
A 20L42.930 T.494 1.200 =0. 526 =0.2 Q.82 5.73
T_15 X 1448028 420 1.182 2.000 1.88% 0.1 0.52 10,95
1 ¥ 1731%14. 620 1.912 1,859 1. %31 B.5 0.47 9.132
b3 J01 7% . @30 0,544 1,240 -, 285 -B.1 O.78 .87
714 % 164T935_540 1.218 7.000 1. 446 0.5 O.&0 11,17
1 i 1T28461 _BOD 1.0%1 1.4%0 0187 0.0 0.43 9.%54
z 20114, %40 q.556 1200 -, 2ed -F.1 BT £.51
713 X 164B01E. 230 1-425 2-000 1.489 0.3 B.4d4 12.%%
1 T 1719324640 1.16% 1450 -1.00% -0.3% .29 §1.52
& 2U134.040 0. &l 1200 R L 9.0 B35 £.43
T A% X 1648073 . 500 1.756 E.000 -0.462. -8.1° 0.15% Z1.41
1 T 1711805.17% 1.324 L.aSE -0.13%  -0.1 0.0% Z0.83
z 20138610 1.02% i.200 -0, 135 -0.1 f.20 11.%8
B_02 L 1GR9G80. 440 1. 4049 Eoonn -0.388 0.1 p.4T7 12.51
1 T 17206325.730 1.1821 L4652 -0, 722 0.2 .35 10.%3
z 15413.740 0.550 §-200 o, 509 .1 050 &.27
E_0& X 1659925,770 1.2%1 2000 -1, 42} -0.1 O.83 EL.LZ
i h§ 1736374170 0.@sl L4550 -0.53&8 -0,1 0,52 B.66
I 19408, 370 0527 .00 1.1%84& 9.3 0.7% S5.aF
B_05 X 1559950, 2490 L.ED4 I.oon -1.0%2 0. 0.6% Ll0_£3
1 ¥ 1743678 . 650 0.542 L4508 0,123 o.0 0.54 E.50
z 1038N . 450 0,481 ] ] o.131 4.2 0.82 5.70
504 b 4 165808 . B0 1.157 F.o0i 0. 3% a0 0,51 11.04
¥ ¥ 1751110, 4840 1.0%% §-450 0.0%0 0.0 0. 45 .30
F 18424.1M0 0.4%8 1.206 @.128 4.0 .Bl 5.T4
®_07 I 15558548 . 960 1. 25% F.000 1.008 0.2 0,57 L1-40
i T 1758517410 0.25%0 1.450 -1.543° «0.4 D[.49 RB.7Q
@ 15424, 10 0.560 D20 HIR 9.1 B.76 5.52
&_naE I 1559951 660 1.%31 o000 D.743 0.1 D36 14.14
1 ¥ 1765780100 1.15% L4508 1.881 0.6 B.31 11:22
z 18420610 6.7t e -0, 751 -2 D.E2 £.58
B_0% X 1660036, 240 1.540 2.000 0, 8B0 .2 0.3% 14,80
1 ¥ 1315 1T0 1.14% 1.450 -0, 3%} -B.1 D30 1144
z 1%403 8§30 a.&18 1-F00 p.003 B.0 0.TL  £.14
_La x 1655551 930 1.878 Z.000 ~B.66T =02 O.24 17,77
1 ¥ 1374TEL 20 1.168 1.4%0 L0772 o. O.F% 11,53
T 154270 950 a.7a7 1.:200 -B. 050 o.0 0.8} £.55
2 11 F 145%%61 . 450 1.657 2,000 1.297 G.1 0.FE  17.49
. a
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1 ¥ 1785747 670 1.301 L. 450 1.374 o4 0.35 12.)%
i 15411 . 720 .74 L. 200 -0.8%1 -8,1 8.5 Tas
&_1% ¥ 1860037770 1383 2.000 1.857 9.1 .49 12.44
1 ¥ 1731924 .940 1.90%8 L 1] 2,131 -0 .38 L0
Z 1939Y . 690 0,617 1. 240 0,844 Q.1 Tl 6.1
811 % 1£59912.3T0 1.317 T.000 0,463 9.1 051 12.0)
1 ¥ 1861211, 850 o.945 b, 450 -0.90% =0.3 0.%4 A.52
|3 193AY . 430 151 1.200 1.131 0.1 0.1 5.%0
B_i4 X BES%A5T . 240 1,533 2. 000 =0.52% =0.1 .36 14.34
1 Y EE0E219 . I40 1. 159 L. ASD -0.37T1  -D.1  0.29  L1.%4
T 153405 . 010 0. 635 r.20f -0, 054 Q.6 0.7 6.2
A_ES % §E599TH.2ED 1.357 Z.000 -0.5%4%  -0.1  0.50 1220
1 ¥ 1815499 . 620 1.9z L.d5s0 -2, 910 0.7 G4 B.ml
7 19408 . T50 0.0 1. 200 0.%%7 0.1 0.73 6.7
A_Ls o LEE00S0 . G40 1.40% 2. 000 17304 B.2 0.47 12.84
1 T 1H22435 . 220 1.0%2 1.450 -0.308 ~B.1 0.38 10.00
] 19187 .070 0. 604 1.200 -0.114 0.0 0,72  6.08
A_17 I 16E0157.3220 1. 651 1.000 a.8an 6.2 0.2 18.24
1 ¥ 1020708 . 440 1.2%1 L. 450 -0.123 =G.1 0.14 16.50
z 19162 .0RD . 851 1.200 -1.434 -b.5 08.45 T7.4a
B_25 I 1636000.320 1.343 2,000 -0.@15 =0.1 ‘0.51 11.0W
1 ¥ LEI0IIE .CED 1.131 1. 450 1.853 0.5 0.34 10.7%
T 20792 400 G.B00 1.200 -0.832 0.3 0_.5% T.20
6 24 I 1E3S9E.ETD 1327 2000 1.523 0.2 D.59 11.22
1 T 12144830 LT 1.450 0.521 0.1 0.50 .45
T 20793780 G554 1.200 -g.131 [ R - P T
623 I 1R3GO2S.720 1.018 R L -@.%51 -0.1 0,72 19,1N
i Y 1815418.530 0925 1.450 -0.030 0.0 0.5% 8.18
T 20780 . 040 G.ATd 1.300 §.387 0.3 0.83 SRR
532 L 163IGOSS._3&0 1,117 2.000 -0.%03  -0.1 D.46 10.§1
1 T 1ROTEAT . 200 0,545 1.450 = -145§ =0.2 0.54 B.52
T 20808 . 470 0. 512 1.200 0.551 6.1 o0.ma  5.Ta
521 L 1636059 . G40 1.097 2.000 -0.524 -D.1 O.§7 10.%51
1 T 1788541 .23 [P 1) 1.450 -0.k&24 0.1 0.54 B.55
z 20805 . E50 0,501 1,200 -8.35% -B.1 o.#1 5,75
6_20 X LENERRS . EBE0 b, 042 P11 -0.213 p.0 0.8 10.38
1 T 1azed0 . QTo 0, 9k4 1,450 2142 3.5 a.57 B.10
z 20795 . 540 0.4T4 1.200 0.871 G.d. 0.4) f.bE
E_1% X 1436032 .00 1,142 2.080 -9.111 .0 "O.£3 L0.84
1 ¥ L7RASL .50 0. 817 1.a%3 1.171 .3 0,55 4,48
E 20795 . 410 a. 483 L. 200 -0.441 0.1 0.2 §.70
5_1lE L LEIGR0GE. 14D 1,075 Z.nan 0,564 .l 0,69 10,81
] ¥  ETITOBO.EIO 0. 848 E. 45D -0. 104 0. B.%4 8. 54
z 2076, 400 ., Gl . 200 -0.34% =0.1 0.B3 5.569
5_17 K 1635P64.080 1.70% z.000 -0.98%  -9.2 021 1%.89
1 Y 1769518 .640 1.327 1.450 0.4L% .2 .09 20.77
& 20766.129 4.557 1,200 i, B4 0.3 BEL .31
[T A LEISHAE 560 1.15% Z.000 -0.068 0.0 0.54 11.71
1 Y  ITELEEE.270 1.126 1,450 2.295% 0.6 034 10.66
|3 JOTE4 . 040 0§66 1.200 0.771 =0.2 D.67  6.34
E4% % 16315034.3149 1.142 2.000 1.003 0.1 0.8% 10.7
1 ¥ 1751558 . 850 1.623 1,450 -Gl D.a &.48 §.322
2 TOTTE 15D 0. 537 1.208 S T 0.0 o.7T38  §.8%
S_14 X 1E1GSST.0ER 1. 080 P 1543 B.2 G684 10.44
1 T 1740102570 - P8 1,450 9.846 ¢.1 0.%] B.T%
] 2OBO04 . SED 0. 497 1. 200 -9.114 o0 0.51  §.74
513 % 1&350TS.ZEO 1.174 3.000 0.152 B.F 0.83 10,90
1 T 1T36067.910 1000 i.45a R E | B.1 045 1.3%
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T Fog2) 600 . 530 1.200 -0.551 2.1 0.7% L_ER
612 I 15358550.,1210 L2686 IoGon 1,385 a.2 0.5T 11.47
1 ¥ 1730205 160 1.077 1.45%0 0.612 g.2 Q.40 B.&D
T 2OE0G . D0 4. ha% 1.300 1,244 -0.3 0.7 600
6 31 & 1635515 540 1.4823 I.000 1.029 4.3 0.44 12.57
1 t 1723136540 1.1732 1.450 LIS | T 0.3% 11.8d
z 2CTEE. 2D R -] 1.366 -1.073 -0 OUES &.41
“_1u L 1635943, 730 1,861 2. 000 0.%38 0.5 Q.08 356.05
1 T L714014.450 1.334 1.450 0. BEE o.4 0.08 27.04
& ea731. 230 0. 964 1200 -0.T3% =0.3 0.3 L
&_08 i LEXa01Y . 650 1.5a3 1onnd ~0.159 p.0 0.35 14.51
L ¥ LEB2GETS . AS0 1.18% 1.458 1.17% L0 0.27 11.94
T H)P6L 554 6.53% 1.200 -0, 349 B P R T i@
508§ X LEVRRAG, 050 1.381 2400 1.071 o.2 0.48 12,42
1 T LETAS0T, 930 1.053 1.450 -, 051 o.0 0,43 BoGT
T F0TED 140 [ 1.290 7,259 0.1 0.5 i, 4G
g_od X 16346071 . 700 1.401 2.000 0, %434 .2 047 12.82
1 L 1865852 800 1.144 1.4510 -2, 001 -0.6 .32 11.400
4 20784 . 450 0.776 1.200 -0.863 -0,2 ©.5%5 7,01
5_01 X 1635045 . 260 1.847 2.dad -0.528 -0.1 ©.30 15,7H
L W 185 TSE0. 340 1,288 1.454 -0.865 -3.4 0.14 1&.63
Z L 0. aez 1.2040 -1.552 -0.6 &.26 10.Z0
5_01 i 1671062 HED 1.718 Z.000 0.146] .1 0,18 20.14
] ¥ 1729982, 510 1.288 1.45%0 -0.601 -@.3 0.1% 15.39
& 1E637 . 40 1,065 1.200 0. 564 4.2 d.14 13.52
.02 ] 1672041 920 1.871% Z.000 0148 g.0 0.33 15.11
1 Y 1716203.7%0 1.213 L.450 -0.7%8  -0.3 0.22 13.37
z IBEIZ . 384 a.874 1.260 0. 414 0.1 o.42 T.95
5_03 X 16T1980.770 L.587 . 000 0139 o.@ o &.12 15,14
1 Y 1743122230 1.232 1.450 -0.40%  =D.1 0.32 13.47
= 18618, 150 G.83% L.200 -{.d2h -1 a.47 7.52
5_04 k. 14T1931.4830 1.413 000 -0. 48T  =0.1 O.44 12.9T7
i i 1TABERE , AOO L.20% 1,450 -0.Thé -0 0.3% 1Z.53
z LEG1H. 610 0.750 1.200 9,546 0L a.% &.g9
S_0% X 1672034 990 1.572 E Q00 -0, 687 -0.1 9.33 15.D4
1 Y 1TH6H43.470 L.RE0 1. 450 -0.364  -B.1 B.18 14.T4
T 10648 . 250 a. 71 1.200 «0.78E 0.2 .54 T.02
& 06 X 1572004 . 560 1.430 r. 009 a. 621 6.1 043 13:1r%}
1 b 1Téd164. 500 LAz 1.450 1-3%3 -0.4 9.13 10.68
z 1850}, 970 0.61g L.200 1. 445 0.3 0.6% 6.23
q_a7 X 1572029.240 1-470 E.000 -0:.111 0.0 a.dl 11,42
1 ¥ 1TTATI6.aT) 1.108 L.4%0 =3. 481 -0.7 9.17T i0.34
z 1B586,530 0.4652 1. 200 0.11% 0.0 968 £.18
5 0B X 14T2037.600 1.%541 000 «1.085 -0.3 4.15 14.48
1 ¥ 1717875 .940 L.16% 1450 -1.082 0.3 0.37 10.29
z LBSR]. 66D 0.634 1200 0.10H 0.0 2.70  &.30
3_0% X 1£T195%.480 1.4%0 z.000 1.234 o,z a.40 13,70
1 ¥ 1TRROZ2R . 180 L.0T4 1.4%0 =1.078 =0.31 D.40 Q.84
Z VEEDE,ATO Q.604 1.200 0242 0.1 9.73 &.08
_14 X 16T18971.210 1.480 2.000 -0.6%5  -0.1 0,40 13,80
1 ¥ 1791065 20 1.118 1.450 =3.14a0 -0.6 0.3 10,47
2 10621610 9.624 1.204 -0.149 4.4 0,71 6.14
5_11 ¥ 1872001340 1.%72 2.090 0. 0% 3.1 0.49 12.33
1 k] ITeRA4AE. 260 1.105 1.450 -1.333 -0.4 0.37 19.30
i 1REZA. 640 . 600 1.200 -0 154 +.0 BT §.06
912 H 1671965010 1.246 2.000 -0, 144 .4 .58 11:%4
L i 1808518 250 1.008 1.450 -, 5313 -1 B4R .07
i 1458% T 0.568 1.200 1.014 4.2 0,76 5,42
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% 13 X 1672022 360 1.7 2,009 -0.698 -0.1 9.80 @1.1s
1 ¥ 1812445 500 &, 958 1,450 -1 B11 -3,2 0. 52 2.7
z 185533 . 5B0 0,522 L. 10a 1.06R 0,2 6.7% s,8]
9_14 ® 16TEZ051.550 L.30] T.e00 -1.101 0.2 o.54 11.7%
1 ¥ 1R1R21S . 200 L | L. 450 -3.31a -0.1 #.51 E.T¢
2 18586, 6 0545 L. 30 a.0Es 0.0 d.78 5 %@
P_LS b 16T1960.,720 1.500 2.000 0, 1is B.l 0,3% 13.84
1 ¥ 1625721 . 450 1.55%3 1.450 2.054 E.2 0.11 11.30
z laadl.830 [ ] 1.200 -1.33% -.1 0.56 .01
11_12 X 16507100 1.831 &.000 =1,701 0.7 0,09 ¥a.1n
1 ¥ EAZ0733 .83 1.382 I.45%0 -, 5@% -3.7 0.01 54.13
Z 17620 . 900 1.0354 0.2G0 -1.37% -2.7 Q.16 12.\9
11 81 3 1695%14 . 430 1.798 2.000 -0, 354 -0.i 0.1 4.7
1 ¥ 1B141%55 46D 1.355 Lods0 -0 5] .7 .05 27,54
z 17623.050 G941 1.200 -2, 078 A I | B, 30
11_10 X LBE9ERY%.TI0 1.68% 2.0a0 =0, 445 -0.1 a.3r 18,2€
1 ¥ BBO73IS1.850 1.362 1.4%0 @, 182 0.1 0.12 17,73
3 17622 .070 a.820 1200 1.703 9.5 0.48 .37
11_0% K La9&0da7 . 150 1.701 2.000 =0.517 .0 0.21 IR.62
¥ 1300871 . 100 1.318 1.456 1.3k8 0.7 0.10 1%.32
T 17e07 . 820 o840 1.200 0.227 0.1 O.47 T.57
11_04 I 1636141 920 1.604 2.000 1.148 0.2 0.30 15.7}
1 T 1734484 220 1.271 1,450 1.458 B.¥ o146 15.40
z 17617 .8%0 a.774 1.204 1.082 .3 55 &85
11_67 X Le36109 . %80 1.711 F.004 0. 2R 0.1 0.20 1%.08
1 ¥ LTATTRE GO0 1,398 L.a%n 1,110 0.5 0.12 1&.0%
z L7596.970 0,16 1.0 =002 0.0 D.5% 700
11, 0% X 1a95892 510 1.7997 1.000 1.T&5 Q.6 0.1 24.%3
1 ¥ LT21051 . 80 1.3322 1.450 -0, 338 =0.1 ®.16 20_o%
7 17631 .214 1.027 1.200 -1.334  -6.6 0.20 11.4%
Li_os X 1708042 . 300 1.706 2.000 o, 547 .1 .1 1R, %%
1 ¥ 17954446, 320 1.358 1.450 EUN- N =F.T B.0% 2R.&1
Z 17003 350 0.233 1,208 G.163 k.1 o6 1023
12140 x 170#0FE 250 L.%22 2.000 ®,.03z2 k. .37 14,17
1 ¥ 1805616870 1.2%1 L.453 3098 -0.4 0.14 16,82
z 17034 . 190 o795 1. 203 -0.168 0.0 0.5 7,18
1z2_11 El 1707378 580 1.731 2000 [UF3] 4.1 0.1 20.8s
1 ¥ 1BL1035.41T0 1.334 L. 45D L EY] 0.4 0.08 21,98
= L7311 .é20 1.4011 L2009 Q.004 9.0 2,23 10.82
RS 1.120
RME-%¥ 1.152
AMS-2: 0.823
VarlenCe componelits [or SPS oleervations
E: D0.84
¥: 1.40 Increase the scandard daviafisn a priorl
T: D.E3
Mean terrain height: 1as.0
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Table 2

FINAL SOLUTION
RMS ERROR & RESIDUALS-
SURVEYED GROUND CONTROL
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The following table lists the surveyed ground control points used in the final adjustment,

HVC refers to points that were used as horizontal and vertical control and VC refers to

points that were used as vertical control only. The notes are self explanatory.

Pr# Type | Wotes

101 | HVC Panel found: Used horizontally and vertically.

_zﬁq HWC Panael found: Used horizontally and vercically.

a0 | HVC Panel found: Used horizontally and vertically.

_"E'ug HWC Panel found: Used horizontally and vertically.

T apa | HYGC Panel found: Wsed horizontally and wvertically.
204 | HVC Panel found: Used horizontally and verti cally.
206 | HVG Panel found: Used horizontally and vertically
208 | HVC Panel found: Used horizontally and vertically.
209 | VG Reflective LEPE p_aia_l_: ‘Driven-to’ and usaed vertically.
210 | HVC Panel found: Used horizontally and vertically.
M5 | VG Reflective LIDAR panel: ‘Driven-to’ and used wertically.

216 | VG Reflective LIDAR panal: 'Driven-to’' and used vertically.
27 | VG Raflectiva LIDAR panel: ‘Driven-to® and used vertically,
218 | VG Reflactive LIDAR panel: ‘Driven-to’ and used vertlically.
218 | VC Retlective LIDAR panel: 'Driven-to’ and used vertically.
a0 | VC Reflective LIDAR panel: 'Driven-to’ and used vertically.
221 | Ve Retlective LIDAR panel: '‘Driven-te’ and used vertically.
222 | VG Feflective LIDAR panel: 'Driven-to’ and used vertically.
223 | VC Reflective LIDAR panel: 'Driven-to’ and used vertically.
o985 | VG ReflacCive LIDAR panel: 'Driven-te’' and used vertically.

T 225 | VG Reflective LIDAR panel: 'Driven-to’ and used vercically.
227 | VI Raflective LIDAR pansl: 'Driven-to’ and used vertical Yy,

228 | VG Reflective LIDAH panel: 'Driven-to' and used Vertically.
229 | V& | Beflactive LIDAR panel: 'Driven-te’ and used vercically.

T a1 | VG Reflective LIDAR panel: 'Driven-to’ and used VerClcally.
232 | VG Beflective LIDAR panel: ‘Driven-to' and used vertically.
FEER R Reflective LIDAR panel: 'Driven-to® and used vertically.
234 | VO 1 Eeflective LIDAR panel: 'Driven-to’ and used verti cally.
04 | HVG Panal found: UVaed horizontally and vertically.
ang | HVG Fanel found: Used ho riznnt-a-ﬂv and wvertically.
308 | HVC Panel found: Used horizentally and vertically. ]
313 | VG Reflective LIDAR panel: 'Driven=-to’ and used vertically.
315 | VC Reflective LIDAR panel: 'Driven-Lo' and used vertically,
a7 | Vo Reflective LIDAR panel: 'Driven=to’ and used vertically.
318 | VC Feflective LIDAR penel: 'Driven-to’ and used vertically.
310 | VC Reflective LIDAR panel: 'Driven-to’ and used varCically. o
322 | VG Raflective LIDAR panel: 'Driven-to' and used vartically.
423 | VO Reflective LIDAR panel: 'Driven-to' and used vartlically,
325 | Vo Eaflective LIDAR panel: 'Driven-to’ and used vertically.
328 | Vo Rallective LIDAR panel: 'Driven-to’ and used wvertically.
329 | VC Reflective LIDAR panel: 'Driven-to’ and us ed vertically.
333 | HVC Panel found: Used herizontally and vertically,
334 | VG Reflective LIDAR panel: 'Driven-to’ and used werktically.
335 | VT Feflective LIDAR panel: 'Driven-to’ and used vertically.
997 | WiC R#:rfli!ctl‘-"ﬁ LIDAR panal. ° Dri'.ren:EE'__rT!:] used vertical 1y s
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FINAL ADJUSTMENT
RMS Error and Residuals for Surveyed Ground Control

tonLrel polots

Poins 1D Coordinates =Zh.Paose S0 Prio Basid Tast RBedun Int.Reli Ext.Relj.
103 L 1627047 .8104 0.4982 1.0000 a.4574 .0 D0.73 5.0% 0.71
¥ 1775622 2021 a.5142 1.0000 -0.291T7 -0.1. @271 5.11 0.78
Z T251.7163 0.6403 1.0000 -0.1537T =R.1 0.5 5.79 0,7
sl K 144%43E 311 0.5%a) 1.00e0 b.6438 b2 d.gs .10 1.1s
¥ 1THRSEDT . BEAGL 0.5481 ER ] -1.2714 -4 DoAY 5.25 1.44
T B51R. 0052 a.7911 1. 000 =-0.054aH .0 o312 1.83 1.77
i1 K 14483711027 9.5342 1.000d 0.7067 0.2 0.6% 5.2¢ 1,18
¥ 17542801493 0.5145%5 100 -0 2057 -1 058 5.1% 1.58
& 523, 4454 2. TE48 10800 G450 B2 ¢.12 T.4% 1.91
202 X 1445851 1088 0. A6 10000 -0.3702 -0.1 0.72 5.04 .93
¥ 1751412 .1C040 H.4TTE 1.0000 -1.8030 -f.4 0.75 4.97 0.97
z 6447, 1787 oL EEIS 1.0000 -0.%313 0.2 0.4% 5.15 i.18
203 K 145310866893 F.5EAD 1. aaon 1.2313 0.4 0.63 5.44 1.11
¥ LISTOES. 8554 @.54230 L0000k -r.43la -0.1 O.48 5.23 1.35
z 63190 .434% B.7T24 10006 b T345 0.3 @ 3% T.27 1.67
204 k 16541559.02248 k4762 1.0000 b.5988 0.2 0.7T5 4,97 .63
¥ A7405%61 3374 F.4625 1.ad0d - . 5666 0.2 0.77 4,92 .71
z HIZE.TTT B.8320 1.0d0d G.627% .2 0.57 573 0.70
Aok X 1a5302%.25%7 . 6425 1.a0ah 1.1487 G4 @55 5.81 1.56
T L74407d. 2810 B.6105 1.0000 T.a6a0 9.3 0. 60 5.59 1.44
A 6301 . 94€8 F.EH6R% 1. 0000 w7760 0.4 0.4F 10.17 1.13
208 X 1658205 .2048 boA208 1. 9406k -1.1451 0.3 @.58 S.00 1.59
Y 1188510142340 . 8L 1. ad0i .&9a0 0.2 O.81 5.53 1.80
b 6155 8278 ».3BBEL 1. ad0i 44778 G2 .34 11-40 1.47
104 ¥ 1STARER. 06T 1.323R8 i.08
¥ 17163%54.7314 1L.1762 .48
z BTIR. 5172 0.9103 10000 E.2472 4.2 ©€.10 13.65 1.8
214 K 1589176 .YieR 0.7061% 5000 G.1208 0.0 C.4&8 4.31 1.2E
Y 17583:58%.1803 D .B45E 1_apad -0 .0E77 -0 CO.E4 5.8 1.587
3 EyaR. B4T2 OLR4T 1.0080 B.3172 p.2 0.13 11.94 1.43
3¢ X LERS9DD . 5707 1.11312 1.41
¥ LTTT0I0 . 64070 G.91448 i.%2
= SaTe . TiE4 05148 1.40645a o.0d84 6.6 0.0% 1a_.28 L.30
21 KB OLEH3445.5074 E.ORTE 3.5
¥ 1TA1QDT . 1348 1.3452 5.08
z 55759.51311 0.9161 1.000Q 0.3513 0.0 2.09 14.52 1.18
117 X 1450545 3321 1.5376 19.83
¥ 1R14010.A974 1.7R45 1. 41
& 5588 9971 LRk 1.0000 Q.5371 @. 7T 0.03 I3.%1 0. T8
114 X 15798%5.83419 1.3127 3.5%8
T 1795870.90L% .93 5.22
= SEAG6.5167 B, 91%% 1.0000 4.0%67 2.9 4.9 15.12 1.23
I1g X 1657415.5325 0.BqE% 3.16
¥ 1804786.3101 Q.B3l4 4.3%
b 3418 0544 0.H3E4 L_aznn 0.2k4d 0.2 .14 11 .42 1.43
210 A 1250474 0221 O_Reon 1.02
¥ 180157 .8%5680 a.§0310 )
z &T29. 5029 0.8951 L. 0000 ¥.,152% 0.3 o.1F 11.%38 1.55
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221 X 148517 5023 1.6233 1.0

¥ O122E053. 5834 1.2802 .75
z 5734 . 6BVE 0.5046 1.0000 -0.0830 0.¢ B3 3a.27 1,34
2z X 1637704.0014 0.A&g8a 0%
T O1B1205% X348 D.H1LS 3.43
7 TOX0.3613 D.B054 1.caan d4.231 g.1 6oL} 2.0 1.%5
323 R 1415537 ,4550 0.5067 3.12
T 1818064 0652 o.8702 T
A TORE.2724 0,880y L.Oono 0.7%24 .50 b1 12,20 1.5%
135 ¥ OLE11%48. 5870 L.2814 F.43
¥ 181006R.B597 1.200% G.ooa
I B110, 2362 0.9214 1.00040 0.3562 0.3 0.0% 15.46 1.1%
il I 15%96KE 5101 1.534Q5 38T
¥ LA11166 6453 1.2186 $.71
z 3343 8751 ¢.33zz L.o0on rg95] 0.7 0.0 18,322 1.01
227 K 1681707, 2853 1.3227 2.%8
¥ 182281%, 8661 1. 018D J.ad
T SHAGE 0119 i.%agT L.ooed -@. 0161 4.0 0,12 12.%z 1.as
1rE X LESSBEL . ER3E 1.1470 1.10
¥ 1822616.5571 1.1462 5.18
z ET46.5931 0.8140 1, 0006 -0. 0883 -1 0.0% 14.1% 1.11
229 K 15316834.3621 1.047& I.9%
¥ 1827507 .54849 O.%1&5 1.§3
T 21570452 0.a094 1.0000 d.3002 0.2 0.14 31.%1 1.62
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i TOAL  LBES 0.878) 1. 0000 D.555% 4.3 0.1§ ib.T1 1:33
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¥ 17a6534.5712 0,137 1.68
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315 ¥ OLSU0REE A54E 1.2687 Y 22
b R A 1.0747 3.9
z BIZ3 a3l 0.911% 1.0000 -0, 0433 o.0 B.0% 14,11 1.31
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¥ O1651420.7174 1.473% 5.99
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¥ 15795452164 {4847 417
z 5544, 6877 7.9213 1.0000 0.1277 6.3 9.08 15.4% 1.28
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133 ¥ O1G3EE50. 5824 0.2018 1. 0008 1.3404 .4 0.30 785 0.4l
¥ 1827231 0410 4.7631 1.0008  -0.3930 -0.2 0.37  7.11 1.2¢
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¥a G.7310
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USGE O5L LADORATORY

USG5 Report No. OSLf2521
United States Department of the Interior

U5 GEOLOGICAL BURVEY
Reston, Vinginia 201%2

REPORT OF CALIBRATION February 1, 1999
of Rarlal Mapplng Camera

Camera type: Jona LME 2015% Camara asclal po.: 275842E

Lenas bEype: Jena Lamegon PI/E Lans serlal no.: 27158428

Hamlnal foecal langth: 153 o Haxloum Aparture: £/a
Tont aperture: £/4

submitted by: ALr Surveys International, LLC
Deaver, Coloarado

Aefaronco: Aly Burveys International, LLC, purchase
ardar Wo. 029318AS, dated February 1B, 1999.

shoss meAsurmmant@ wero mads on Kodak Mlcro-flat glads platen, 0.35 Inch
thick, with spectroscapic emuleien type 157-01 Panchromatle, daveloped in D-19
st E8* F for 3 mlputes with continusus agitation. These phovographic plates
wora axpossd on & multlicollimator camera calibrator using a white light gource
rated at approximataly 5200K.

I. calibrated Focal Length: 152.494 m

IT. Lena Distortion

Field angler 7.5* 15 227" o~ 5" /0
Syrmetric radlial (um]) =1. =1 o 1 2 -2
pacentecing (un} D o 1 1 1 2
Symmetric radial Decentering Calibrated
discorticn paramcters distortion paramebers principal polnt
X, = ©.3584 x 1075 P, = 0.1135 x 1070 x, = 0.000 e
£, = =-0.1126 x 1077 P, = 0.4886 x 107" y, = =0.003 mm
K, = 0.6015 x 107t Py, = 0.0000
Ky, * 0.0000 P, = 0.0000
Mg ™ 0.0000

The wvaluas and parameters for Calibratad Focal Length (CFL}. Symmétric Padial
pistortion (KgiKy.FqeRq.Ky), Dacontering Bistortien (P, P, Py Fgl. and Cali-
prated Frincipal FPelnt [point of symnetry] {xp.yp} were determlned through a
loast-squared Simultaneous Hultlframe Analytical Calibraticn (SMAC) adjuck-
ment. The x amd y-coordinate measurements utilized in the adjustment of the
sbowe paramecers have a standacd daviatlon (o) af £1 microns.

—_—
» Equipped with Ferward Hotlon Compensation g
{ 1 of 5}



U565 050 LABORATORY

UEGS Report Mo. OSL/2521

1I1I. Lens Rewclving Powor in eyeles/mm

Aran-welghtad average resolution: 10%

Fleld angla: o= 7.5" 15°® 27.7" 0= ag= a0®
Radial Lines 134 134 134 113 ‘112 35 113
Tangential linea 134 134 134 85 113 95 g5

Tha resolving povwer ie obtalned by photographlng a series of test bars and
examining the reaultant {mage with approprlate magnification to find the
spatial fregquoncy of tho fineat pattern in which the baro can be countad with
resspnable confldence. The earlen of pattecns hae opatial freguancles from &
ko 268 cyclas/mm in a geometrlc acries having a ratioc of the 4th root of 2.
Radial linee are parallel to a radlue from the canter of the fleld, and

tangentlal lines are perpandicular to a radlus.

IV. Filtor Parallelism

Tha twc surfaces of the Joena 405 Mo. 51993, the 490 Ho. 275583, and the 530
Ho. 275580 (llcers accompanying this cameca are within 10 seconde of being
parallel. The 490 fillter was used for the callbration.

V. Shutter Callbration

Indicatad expoaura time Effaective oxposure time Efficiency
1128 10.00 ma = 17100 & 71
1/250 5.00 me = 1300 @ 71w
i/s00 2.40 me = 1f415 o 713
i/1000 1.20 ma = 1/835 B 71w

The cffactlive axposure times were determlined wikth the lena at aperturo £/4.
Tha mothod Lo eeneidered aecurats wlthin 3 paccant . The technigue used 1a
Mathod I deascribed in American Mational Standard PHI.48-1%72 (R1978).

vI. Hagatline Platen

The platens mounted in LHE-X 247120 fllm magazines No. 271821 and Ho. 271902
do pot depart frem a true plane by more than 13 wm (0.0005 in).

Theoe £Lim magarines aro eqguipped with identlfication markars that will regis-
ver "2716821" for magarino Ho. 271821, and =271902" {for magaeclne Ho. 271902 in

the film Gdge for each exposure.

{ 2 0f% )
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USCE OSL LABORATORY

USG3 Heport Ho. OSL/f2521

1x. Sterscmodel Flatneoo

FHC Hagazine Ho.: 2971821 Heawe/Halght ratlo: 0.6
Plaken ID: 271821 Maximum angle of flald tested: 40*
[ e i et e e
. i
n o =5
t |
&
} .
[ ]
t |
£ | 1 -3 7
. |
¥
| -1
¥ I
; |
d 1 (1}
. I
[
Steraomadal

Tmst polnt array
[valuss in micrometora)

The wvaluee shoun on the diagram ace the average departuras from flatnass (at
negative scale) for two computer-pimulated stereomodels based on comparator
meanuremantd on contact glaso [Kodak Hicro-flat) diapoaltives made from Kodak
2405 flim exposurss. Thess méasuremants ace considerad accucate within 5 um.

¥. System Renslving Fower on fllm in cyclan/mm

Area-walghted avarage resolution: 43 Film: Type 2405

Fiald angle: o® J.5" 15" 2.7* Ig= ks 40"
Fadial Linas 57 48 L1:1 48 an 40 a0
T._m;nntiql linanm 5T 48 18 a0 40 40 14

{ 4 afs )
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Uscs 05L LABORATORY

USCS Report Ho. OSL/Z521

1%, Etereomodel Flatncoo

FHC Hagatlne Mo.: 271902 BasafHeight ratlor 0.6
Platen ID1 271902 Maximum angle of fiold teotad: 40°
5 rl-—-—--—lh—'\--l—-—-—-———'-'—
[} r -1 -5
. f
a | .
\ |
t 4
r { 2 2 6
i
.P :
-1
n |
: |
d -2 =3
e I
L
Steraamcdel

Test polnt arcay
{valuoo in mlecrometars)

The waluos ahewn on the diagram are the averag? daparturec from flatness (at
nigative wocales) fL[or two computer-nimulated steccomodels baced on comparator

messursments on contact glaso (Kodak Hicro-flat) diapositives made from Kodak
240% [llm expesuras. Theoe measurementm are conmidered accurate within & um.

%. Luno/Film Repolving Power in cycles/mm

hAres-weolghted sverage reeclution: 44 Filmi Typa 2405

Flald angle: ) [+ R T.5% 15° 23.7° in* ase 40
Radlal Livws 57 57 57 an 4a 40 q0
Tangential Llines 57 57 45 48 42 &0 34

Thie asrial mapping camera calibration repert superasded the previoualy Lssuad

USG5 Beport Mo. OSL/2153, dated Dacesmber 11, 1995-

:@?gapiﬁffﬁ'JﬂﬁﬁAz;dikﬁf
Frank C. Haccum
chiaef, Optical Scienca LaDOTatory

Hatioaal Mapping Divlelen

{ 5 2f 5 )
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